UNCLASSIFIED 
AD  NUMBER 


AD039369 

CLASSIFICATION  CHANGES 

TO: 

unclassified 

FROM: 

confidential 

LIMITATION  CHANGES 

TO: 

Approved  for  public  release;  distribution  is 
unlimited. 


FROM: 

Distribution  authorized  to  DoD  only; 
Administrative/Operational  Use;  15  JUN  1954. 
Other  requests  shall  be  referred  to  Office  of 
Naval  Research,  One  Liberty  Center,  Suite  1425, 
875  North  Randolph  Street,  Arlington,  VA  222 OS- 
1995.  Pre-dates  formal  DoD  distribution 
statements.  Treat  as  DoD  only. 


AUTHORITY 

30  Jun  1966,  DoDD  5200.10;  ONR  ltr  dtd  26  Oct 
1977 


THIS  PAGE  IS  UNCLASSIFIED 


THIS  REPORT  HAS  KEEN  DELIMITED 
AND  CLEARED  FOR  PUBLIC  RELEASE 
UNDER  DOD  DIRECTIVE  5200,20  AND 
NO  RESTRICTIONS  ARE  IMPOSED  UPON 
ITS  USE  AND  DISCLOSURE, 

DISTRIBUTION  STATEMENT  A 

APPROVED  FOR  PUBLIC  RELEASE; 
DISTRIBUTION  UNLIMITED, 


UNCLASSIFIED 


Reproduced 
luf,  ike 


ARMED  SERVICES  TECHNICAL  INFORMATION  AGENCY 
ARLINGTON  HALL  STATION 
ARLINGTON  12,  VIRGINIA 


DOWNGRADED  AT  3 YEAR  INTERVALS: 
DECLASSIFIED  AFTER  12  YEARS 
DOD  DIR  52CC.10 


UNCLASSIFIED 


firmed  Services  Technical  iniurmation  flgen 


Because  of  our  limited  supply,  you  are  requested  to  return  this  c py  WREN  IT  HAS  SERVED 
YOUR  PURPOSE  so  that  it  may  be  made  available  to  other  requ^ers.  Your  cooperation 
will  be  appreciated. 


NOTICE:  WHEN  GOVERNMENT  OR  OTHER  DRAWINGS,  SPECIFICATIONS  OR  6THER  DATA 
ARE  USED  FOR  ANY  PURPOSE  OTHER  THAN  IN  CONNECTION  WrfH  A DEFINITELY  RELATED 
GOVERNMENT  PROCUREMENT  OPERATION,  THE  U.  S.  GOVERNfcfENT  THEREBY  INCURS 
NO  RESPONSIBILITY,  NOR  ANY  OBLIGATION  WHATSOEVER;  AND  THE  FACT  THAT  THE 
GOVERNMENT  MAY  HAVE  FORMULATED,  FURNISHED,  OR  IN  AN*  WAY  SUPPLIED  THE 
SAID  DRAWINGS.  SPECIFICATIONS,  OR  OTHER  DATA  IS  NOT  TO  RE  REGARDED  BY 
IMPLICATION  OR  OTHERWISE  AS  IN  ANY  MANNER  LICENSING  TRE  HOLDER  OR  ANY  OTHER 
PERSON  OR  CORPORATION,  OR  CONVEYING  ANY  RIGHTS  OR  PERMISSION  TO  MANUFACTURE, 
USE  OR  SELL  ANY  PATENTED  INVENTION  THAT  "MAY  IN  ANY  WAY  BE  RELATED  THERETO. 


1 


rvnpo-.- 
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The  emulsion  polymerization  of  2,  2-dlnltrobutyl  acrylate  was  advanced  from  runs  made  in  small  vials 
to  runs  in  larger  containers.  Stable  emulsions  were  obtained,  but  the  conversion  did  not  exceed  70% 
at  45° C.  in  six  to  seven  hours.  The  addition  of  small  amounts  of  ferrou.?  Ion  increased  the  rate  of 
polymerization,  while  larger  amounts  had  an  adverse  effect. 

As  the  normal  rat*;  ol  polyurethane  formation  Is  so  very  slow,  a practical  method  must  make  use  of 
some  means  of  catalys>l3.  A series  of  newly  prepared  cheiated-metal  compounds  were  tested  and 
compared  with  iron(ITi)  acetylacetonate.  This  catalyst  is  still  by  far  the  most  active  catalyst  for  the 
polymerization  reaction.  Other  metal  acelylacetonates  did  not  show  a pronounced  catalytic  activity 
for  the  polyurethane  formation,  but  several  are  suitable  catalysts  for  the  homopoly  me  r izaiion  of  the 
dllsocyajnate. 

The  following  two  new  polyurethanes  were  prepared  from  2-nitraza- 1,4 -butane  dli30cyanate:  XV-H 
from  ethylene  glycol  and  XV-O  from  5, 5-dinitro-l,  2-hexanediol.  Pciyurea  XV-  e was  prepared 
from  the  same  diiisocyanate  and  water.  All  these  polymers  were  characterized  by  elemental  analysis, 
relative  viscosity,  softening  points,  and  stability  tests. 

A new  polyurethane,  I-P,  was  prepared  from  3, 3-dinitro-i,  5-pentane  diisocyanate  and  3-nitraza-l,  5- 
pantaneriiol.  poa'uiitration  yielded  Polyurethane  I-PN,  a polymer  with  an  estimated  specific  linpuise  of 
207  ibf-sec/lbm.  The  new  poiymei  a were  characterized  by  elemental  analysis,  heais  in  combustion, 
softening  point,  and  relative  viscosity.  j V 


In  order  to  control  the  degree  of  branching  and  crosslinking  of  linear  polymers,  a part 
v .it ' . 1 . i »kn  Tho  roQn] ncr  tirpa  iinkab’es  became  C 


of  diol  was  re- 


placed  by  ethanUamine  in  the  poiylmtr  system.  The  resulting  urea  iink^es  became  crosslinked  with 

an  excess  of  ne  diisocyanate.  It  was  found  that  this  crosslinking  was  effected  in  50%  dioxan  solution 
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T&js  jju&vterly  sundry  covarp  research  conducted  in  Partial  f£L 
oi/Cordstact  N7onr-Ji£4f,  Task  Qs&r  I,  during  the  periodrfrom  16/ 
Aro^h  J£  May  1MIT.*  / “ / / 


tial  fui- 


A. 

fillment 

February 


JB»  /work  on  Contract  NQaa >53 -6l8-c , previously  d: 
reports,  hfea  been  completed,  ant^a  final  r«ort  (Aerojet 
ha  s/been  As  sued,  ThiA  work  i a/now  being Continued  u^ier 
3^?~e  «w  will  be  resorted  lx the  nert^uarterly  period. 


21  be  r^jorted  lx  the  nert^uarterly  pej^lod , ^ / 

The  n^8t  impon^ant  resultfc  on  Contract  N7onr-U6z,  Task  yrder-  I, 


'-are  summarized  below:  / 

The  emulsion  polymerisation  of  2 , 2 -dinitrobu,tyl  acrylate 
r/vWe--h«« 3 advanced  from  runs  made  in  small  vials  to  runs  in  larger  containers. 

. \ Stable  emulsions  were  obtained,  but  the  conversion  did  not  exceed  705 i at  U5°C.ln 
‘STto'f  hours.  The  addition  of  small  amounts  of  ferrous  ion  increased  the 
rate  of  polymerisation,  t&ile  larger  amounts  hajff  an  adverse  effect . 

c "t  y a»  . , v*-ry  , 

I the  normal  rate  of  polyurethane  formation  is  aofalenj&fiiF 

a practical  method  must  make  use  of  some  meansof  catalysis.  A series  of 
newly  prepared  chelated-metal  compounds  fca v*2S£&x  tested  and  compared  with 
iron  (jll)  acetylacetonate . This  catalyst  is  s+ill  by  far  the  roost  active 
catalyst  for  wJ»2  polymerisation  reaction.  Other  metal  acetylacetonates 
did  not  show  a pronounced  catalytic  activity  for  the  polyurethane  formation, 
but  several  are  suitable  catalysts  for  the  homopolymerisation  of  the 
diisocyanate. 

Hwo  iu~r 

/ ' The  follow  in  g^Tierw  polyurethanes  Aemwa  prepared  from 

2 -nitraza-1 , U -butane  diisocyanate' 


XV -0 


/rowx 


z«thyl©ne  glycol  cs'w 
5 , 5-J5iniiro-l,  2-nexanediol  m 


Polyurea  XV-£.  haa-bcen-pre pared  from  the  same  diisocyanate  and  water.  All 
these  polymers  heve^fiaST  characterised  by  elemental  analysis,  relative 
viscosity,  softening  points,  and  stability  tests. 

I 'K.  A new  polyurethane,  I-P,  was  prepared  from  3,3 -dinitro-1, 5- 
pentane  diisocyanate  and  3 -nitra za-1 , 5 -pentaned iol . Postnitration  yielded 


Previous  work  on  Contract  N7onr-U62,  Task  Order  I,  was  covered  in  Aerojet 
Reports  No.  330,  3U5,  371,  386,  336a,  u9U,  Ul7,  Ul7A,  h2h,  1:57,  U6l,  U66, 

U82.  b95,  515,  5U0,  563  , 5?0,  622,  638  , 663  , 686,  700,  ?20,  7h0,  772  and  807. 
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' — -I?  Jrtiyw^rg ^7 

Polyurethane  I-PrJ,  a polymer  with  anestimated  specific  impuD.se  of  207 
lbf-sec/lbm.  The  new  polymers  have  wie*  characterised  by  elemental  analysis, 
heats  of  combustion,  softening  point, and  relative  Viscosity, 


a) 


' t r , 


jessary 


part  of  the  diol<lby  tethanolaaine  in  the  polymer  system.  The  resulting 
---•■'-■''urea  linkages  Twuia- t t£nc ^ycros sllnked  with  an  excess  of  the  diisocyanate. 
It  was  found  that  this  crosslinking  was  effected  in  $Of>  dioxan  solution 
at  6*>°C. after  a reaction  time  of  500  hours.  Another  means  for  introducing 
crosslinking -was  found  by  heating  the  linear  polymer  2b  hours  at  80  to 
100°C. 

f ^ Tiie  use  of  ethanolimine  as  a "built-in"  modifying  element 
in  polyurethanes  has  the  disadvantage  that  the  specific  impulse  of  the 
polymer  is  reduced.  Previous  studies  ha4&  shown  that  nitropolyureas  can 
be  prepared  from  nitrodiisocya nates  and  water.  By  using  wat^r  to  produce 
amino  groups  within  the  reaction,  the  amine  then  reacts  with  the  isocyanates, 
causing  polyurea  formation.  In  this  way  the  loss  of  specific  impulse  of 
the  modified  nitro polyurethane  is  minimized . 


ifi 


1m*. 


^tMm^r^m^BSSSS^The  world  dealt  primarily  with  the  formulation  of  flat 
sheets,  required  for  evaluation  of  the  rheological  properties.  Other  work 
dealt  again  with  tha  incorporation  of^rarious  amounts  of  inorganic 
oxidizers.  All  these  products  characterized  by  burning  rates, 

thermal  stability,  and  impact  stability.  Another  problem  was  the  intro- 
duction of  crosslinking  in  a second-stage  curing,  because  it  was  observed 
that  insoluble  crosslinked  polymers  are  partly  degraded  in  milling 
operations.  In  order  to  restore  the  tridimensional  structure  of  the 
polymer ja  post-formulation  cure  is  required.  Attempts  to  effect  this 
crosslinking  with  formaldehyde  or  glycxal  were  not  successful. 

» i |M  ||M  . n |H 

ventartittgfr  nitaa.  gnewy»-ar^  du*»mi.  Several  nitrs  plasticizers 

gave  poor,  bubbly  castings  in  recent  formulation runs,  where  the  same  y*L  preiAO* sl«* 
gi«^sati8factory  formulations,  BMlbtot . It  haav%lBn  found  that  the  1 ' 

extremely  sensitive  nature  of  the  monomers  demands  highest  purity  in 
plasticizer,  in  order  to  avoid  any  side  reactions  caused  by  the 
extreme  reactivity  of  the  isocyanate  function.  Carefully  purified 
plasticizer  passed  both  the  Warburg  and  the  Kl-starcb  paper  test  and 
gave  bubble-free  gels. 
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^ Two  com-ircial  plasticizers,  dibutyl  phthalats  and  trlcresyl 
phosphate,  gave  strong,  rubbery  products  with  Polyurethane  X-A.  However, 
when  formulated  with  inorganic  oxidizer,  the  binder  lest  strength ^and  the 
mixture  crumbled 


e With  the  1-gallon 
Be  ken  dispersion  blade  mixer  it  is  possible  tc  obtain  data  which  may  be  used 
in  the  design  of  larger-scale  operations.  Fhi  ysst  firnrlrr/?  series 

of  polymerisations  was  conducted  in  order  to  gain  information  with  regard 
to  the  following*  (1)  ease  of  dissipation  of  heat  of  reaction,  (2)  uniformity 
of  product,  (3)  product  reproducibility,  (U)  method  of  workup,  (5)  reaction 
time,  and  (6)  exclusion  of  side  reactions 


v The  dissipation  of  the  heat  of  reaction  is  readily 
handled  in  k homogeneous  solution  or  in  a heterogeneous  system  where  a non- 
solvent  such  aa  bensene  is  used  as  a heat-transfer  medium.  Although  the 
latter  method  gives  a dense  product,  in  the  single  polymerization  that  was 
run  the  reaction  was  incomplete  and  gave  a low-viscosity  product , 

C Reproducibility  and  uniformity  jfiw^ing  checked 
along  with  stability  measurements..  Also, several  methods  of  workup  involving 
a minimum  of  material  handling  being  studied.  The  Boken  mixer  gives 
fast  and  thorough  mixing,  so  that  the  reaction  tiaus  to  produce  a polymer 
doe 8 not  normally  exceed  one  day. 


■i  »-• 

» MM, 

butyl  acrylateJ 
equation  a 


The  epmometric  molecular-weight  studies  of  poly  2,2-dinitre- 
completed,  and  the  constants  in  the  Staudinger 
\ determined. 


Owe  of  -foe  coyysaxs 

SPl/)  dd&3  ‘ sfegt  OV\  _ Hi  trj  zji  - /,  </ 
J:  'socyamrte . 

f ! 
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II.  TECHNICAL  PROGRESS!  NITROPOLYMERS 
A.  VINYL  POLYMERIZATION 

■ M . M : • l *. 

1 , Eteulalon  Polymerization  of  2,2-Dlnltrobutyl  Acrylate 

a.  Diflcu:  -'ion 

(1)  On  the  basis  of  much  past  experience  with  the 
emulsion  polymerization  of  2, 2-dinitrobutyl  acrylate  in  small  vials,  further 
experiments  wore  performed  on  a larger  scale,  using  6-ounce  crown-cap  bottles. 
This  method  permits  sampling  of  the  reaction  mixture  repeatedly  during  a 
run.  The  basic  recipe  used  contained  monomer,  water.  Atlas  Tween  Uo  emulsi- 
fying agent,  polyvinyl  alcohol  stabilizer,  and  ammonium  persulfate  catalyst. 

A number  of  variations  of  this  recipe  were  tested  in  an  effort  to  obtain 
the  best  reaction  speed,  yield,  and  quality  of  emulsion. 

(2)  With  one  sample  of  monomer  which  had  been 
purified  by  distillation  (Specimen  A of  Table  I),  the  basic  recipe  plus 
a small  amount  of  ferrous  ion  activator  gave  7Q£  conversions  in  6 to  7 
hours  of  reaction  time  at  U5°C,  with  smooth,  stable  emulsions  as  final 
products.  However,  reaction  rate  and  extent  of  conversion  appear  to  depend 
greatly  on  the  particular  specimen  of  monomer  used}  they  ware  much  less 
using  the  same  recipe  with  specimen  B,  which  had  been  purified  by  hexane 
extraction.  It  is  believed  that  these  best  results  are  associated  with 

l high  purity  of  the  monomer,  and  that  slight  contamination  may  impair  them 

greatly. 

(3)  For  each  of  th?  two  specimens  of  monomer 
studied,  addition  of  a small  amount  of  ferrous  Ion  activator  to  the  basic 
recipe  increased  the  rate,  at  least  at  first.  It  also  improved  the 
quality  of  the  emulsion.  It  seems  significant  that  none  of  the  runs  in 
which  ferrous  ion  was  added  to  the  basic  recipe  precipitated  out  polymer, 
whereas  such  precipitation  occurred  fairly  often  with  the  unmodified  basic 
recipe . 

(U)  Several  attempts  were  made  to  determine 
whether  "boosting”  the  reaction  with  additional  activator  after  the  initial 
fast  reaction  can  increase  conversion.  Results  were  inconclusive  because 
of  difficulties  of  sampling  and  testing. 

(5)  In  general,  the  rapid  tost  for  conversion 
I which  was  used,  based  on  weighing  the  total  solids  precipitated  from  the 

sample  by  methanol,  is  crude  and  does  not  distinguish  small  differences 
I of  behavior.  Another  difficulty  is  the  fact  that  at  high  conversions  the 

! mixture  becomes  so  viscous  that  a sample  can  no  longer  be  withdrawn  into 

t a syringe . 
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(6)  Hcwever,  in  spite  of  the  need  for  better  control, 
some  further  main  conclusions  can  still  be  drawn  from  the  results.  In  Table 
I,  the  results  are  grouped  so  as  to  illustrate  these  points  most  conveniently. 

(a)  While  use  of  a small  amount  of  ferrous 
ion  activator  (a  few  milligrams  /20  ml  moncoer)  was  beneficial,  increasing 
the  amount  (in  the  case  of  monomer  6)  caused  the  reaction  to  level  off  at 
low  conversions,  and  an  increase  to  100  mg/20  ml  monomer  suppressed  the 
reaction  almost  completely. 


(b)  Other  schemes  of  activation  were  applied 
bo  the  basic  recipe,  i.e.,  ccmplexing  the  ferrous  ion  with  sodium  pyro- 
phosphate, and  the  addition  of  diethylene  triamine  and  sodium  thiosulfate 
as  activators.  However,  these  produced  longer  ultimate  reaction  times  or 
lower  ultimate  conversions,  although  the  triamine,  at  least,  probably  increased 
the  initial  rate. 


(c)  A few  experiment  a were  performed  in 
decreasing  the  amount  of  catalyst  used,  and  in  substituting  potassium 
persulfate  for  ammonium  persulfate.  The  amount  of  catalyst  appears  not 
to  have  much  influence  on  rate  of  conversion;  substitution  of  the  potassium 
salt  may  increase  the  rate  somewhat.  The  poor  quality  of  the  products 
obtained  is  not  encouraging. 

(?)  The  conclusion  is  drawn  that  enough  is  now 
known  about  formulation  to  permit  an  increase  of  scale  of  the  production 
of  polydinit robutyl  acrylate,  and  an  application  of  the  process  to  other 
monomers,  particularly  2, 2-dinitropropyl  acrylate.  Since  monomer  purity 
is  essential  in  obtaining  satisfactory  emulsions  seme  work  must  be  directed 
toward  closer  control  of  the  quality  of  the  product.  In  addition,  studies 
of  improvement  of  formulation  will  be  continued  as  time  permits. 

b . Experimental 

(1)  The  basic  recipe  used  .for  emulsion  polymerization 

was  the  followings 

20  mi  dinitrobutyl  acrylate  monomer 
0.2$  g polyvinyl  alcohol  in  20  ml  water,  as 
stabilizer 

1.70  g Atlas  Tween  UO,  as  emulsifier 

0,2$  g in  2 ml  water,  as  catalyst 

In  the  work  reported  here,  this  recipe  was  used  without  change,  or  was 
altered  by  the  inclusion  of  additives  or  by  substitution  of  catalyst, 

(2)  All  components  of  the  emulsion  polymerization 
recipe,  except  catalyst  and  accelerator,’ were  placed  in  a 6-oz  bottle,  which 
was  then  thoroughly  purged  of  air  by  bubbling  nitrogen  through  it  for  several 
minutes.  A 1-in.  disk  of  l/l6-in .-thick  Hycar  was  then  placed  on  top, 
protected  on  the  inner  side  by  a thin  disk  of  polythene.  A standard  crown 
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cap  was  placed  over  this,  and  sealed  on  with  a hand-operated  bottle  camper. 

The  cap  had  been  specially  prepared  by  removing  the  inner  colrk  liner,  drilling 
a 2-am  diameter  hole  in  the  center,  and'  cementing  a disk  of  polythene  over 
the  hole  a Thorough  directions  for  the  preparation  of  such  closures  have 
been  given  in  the  literature*. 

(3)  Just  before  the  reaction  was  started,  solutions 
of  catalyst  and  accelerator  (if  required)  were  injected  into  the  reaction 
mixture  with  a hypodermic  syringe.  Using  the  same  syringe,  a homogeneous 
sample  of  the  complete  charge  was  withdrawn  for  a blank  determination  of 
the  amount  insoluble  in  ethanol.  The  bottle  was  then  rotated  end-over-end 
in  a water  bath  maintained  at  U5°C.  At  timed  intervals  the  bottle  was 
removed,  and  other  samples  were  withdrawn  for  determination  of  the  extent 
of  reaction. 


(U)  This  determination  was  made  on  a 2-gram  sample 
by  discharging  it  into  20  ml  of  ethanol,  decanting  the  liquid  layer,  and. 
washing,  drying  and  weighing  the  precipitate.  The  weight  of  dried  solid, 
corrected  for  the  insolubles  in  the  blank  determination,  represents  the 
amount  of  polymer  formed. 

(5)  Results  of  this  test  for  all  runs  are  given 
in  Table  I.  Several  values  of  the  amount  reacted  are  believed  to  be  in 
error  because  of  faulty  technique.  The  erroneous  values  appear  to  be  high 
more  often  than  low,  indicating  that  there  may  have  been  some  separation 
of  the  emulsions  at  low  conversions. 

(6)  After  completion  of  each  run,  the  quality  of 
the  emulsion  was  noted  (Table  I)*  Some  fen-  of  the  products  were. worked  up 
to  determine  final  conversions.  Contents  of  the  bottle  were  transferred 

to  100  ml  of  methanol,  which  cleanly  precipitated  the  solids.  . These  solids 
were  then  thoroughly  washed  with  acetone  to  dissolve  the  polymer  from  the 
adherent  polyvinyl  alcohol.  The  washings  were  filtered  and  concentrated, 
then  poured  into  20  volumes  of  hexane  to  re-precipitate  polymer,  and  the 
polymer  was  vacuum  dried.  The  results  for  the  few  specimens  worked  up  in 
this  way  are  given  in  Table  I.  Molecular  weights  were  determined  by 
measuring  relative  viscosities,  and  converting  these  by  the  method  of 
Section  V. 

(7)  Two  specimens  of  monomer  were  used.  Specimen 
A was  obtained  from  a composite  of  early  preparations  by  first  treating  with 
hexane  to  eliminate  polymer,  and  distilling  the  hexane-soluble  material  from 
methylene  blue  at  reduced  pressure j njp  * 1.11592,  Specimen  B was  purified 

only  by  washing  free  from  polymer  with  hot  hexane  in  the  presence  of  activated 
alumina  5 * 1 ,1*601*^ 


*C.  F.  Fryling,  Ind.  Eng.  Chem.  LiO,  928-932  (19^6);  S.  A.  Harrison  and 
E,  R»  Malnote,  Anal . Chem . 20,  U7-JIS  (19^6). 


CONFIDENTIAL 


Report  No,  807 , p.  9 


Report  No.  833 


CONFIDENTIAL 


TABLE  I 

EMULSION  POLYMERIZATION  OF  2,2-DINITROBUTYL  ACRYLATE  IN  BOTTLES  AT  45°C 


With  Monomer  Specimen  A 


% Reacted 

f ■ JL  1,1  1 


Run 

Time 

hr 

Teat 

From  Appearance  of 
Work-up  Final  Emulsion 

Polymer 
M,  W. 

Basic  Recipe 

h/22/k 

3 1/2 
6 1/2 
7 

39 

65 

54 

Slightly  uneven 

180,000 

Basic  Recipe  ♦ 3 mg 

U/22/B 

3 1/2 
6 1/2 
23 

45 

53  * 

Clogs 

Smooth;  slight 
separation  of 
water  layer  in 
several  days 

FeSO^  *7H20/i  mi  t^O 

U/22/C 

3 1/2 
6 1/2 
7 

48 

68 

73 

Smooth 

150,000 

4/2 2/D 

3 1/2 
6 3/2 
23 

46 

66 

Clogs 

Smooth;  slight 
separation  of 
water  layer  in 
several  days 

Boosted 

with  same  4 

activator— 
at  6 hr 
Boosted 

with  same  < 

activator— 
at  6 hr 

Vi5/a 

U/15/b 

3 

6 

23  1/2 

3 

6 

23  1/2 

49 

69 

Clogs 

57 

72 

Clogs 

69 

Smooth; 

separation  of 
water  layer  in 
several  days 

h/7/C 

17 

40  1/2 

Clogs 

70 

— 

130,000 

Basic  Recipe  + 2 ml 

2 1/2 
5 1/2 
23 

complex  solution 

U/15 /c 

35 

31 

Clogs 

Smooth; 
separation  of 
water  layer  in 
several  days 

(Complex  Solution  4/15/D 
is  2 .0  g FeSOr  ^I^O  + 

3.0  g Na,  P20  .10H20  + 
20  ml  water)' 

2 1/2 
5 1/2 
23 

32 

47 

34 

Clogs  neddle  when 

sampling 

is  attempted. 
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TABIE  I (cpnt.) 


With  Monomer  Specimen  B 
% Reacted 


Basic  Recipe 


Basic  Recipe  + 

FeSO),  «/HpO  solutions 
T — g/l  nl  HgO 


VlA 


U/2/A 


3 mg/l  mi  IlgO 
boosted  with  3 
mg/l  ml  H-O 
at  19  hr 


U/l/E 


Time, 

From  From 

Appearance  of  Po! 

Run 

hr 

Test  Work-up 

Final  Bmilslon  U 

2/18/A 

2 1/lr 

■» 

Fairly  smooth} 

U 

7 

marked  separation 

21 

56 

of  water  in 

27 

I18 

several  days 

2/23/A 

2 l/U 

7 

Smooth,  quick 

ii  1/2 

2l* 

separation  of 

6 1/2 

13 

water 

3/23/1 

16 

36 

19  1/2 

1*5 

3/25/A 

2 

10 

Immediate  polymer* 

li 

25 

separation 

6 

19 

2ir  1/2 

polymer 

out 

3/25/F 

2 

9 

Smooth} 

u 

18 

separation  of 

6 

27 

water  layer  in 

several  days 

3/2U/G 

16  1/2 

32 

Same 

23 

$U 

i 3/2 

? V2 

2U 

30 

1 1/2 

h 

5 1/2 

7 

2U 

30 

17 

19 

21  1 /? 
23  1/2 


7 

19 

36 

2? 


7 

26 

31 

31 

1*7 

h9 

Lr8 

hi 

hi 

57 


Slightly  uneven 


U9 


Smooth?.  sepa>» 
ration  of  water 
layer-  in 

several  days  $0,000 


Other  experiments,  not  included,  indicate  that  coagulation  of  polymer  occurs 
frequently  with  the  basic  recipe  at  about  conversion. 
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TABLE  I icont.) 


With  Monomer  Specimen  B (cont,) 


Run 

Time, 

hr 

£ Reacted 
From  From 
Test  Work-up 

Appearance  of  Rdyi 
Final  Emulsion  U, 

10  mg/l  ml  Ho0 

3/25/E 

2 

lJi 

S«uu6 

4m 

u 

26 

6 

25 

2li  ]/2 

*4$ 

5 rag/ 1 ml  HgO  + 2 

3/26/A 

6 

27 

Same 

boosts  of  5 mg/V2  ml 

HjO  at  2 and  U hr 

25  mg/l  ml  HoO  boosted 

2/18/C 

2 1/U 

5 

Smooth}  slight 

with  ?5  mg/l  ml  H2O  at 

4 

11 

separation  of 

a hr 

5 

11 

water  in 

21 

21 

several  days 

27 

23 

25  mg/ml  HpO  boosted 

2/18/B 

2 i/U 

5 

Sama 

with  0.25  g (N%)2?208/ 

u 

11 

2 'ml  H20  at  U hr 

5 

11 

21 

21 

27 

23 

100  mg/l  ml  HpC 

2/23/C 

2 

5 

Smooth;  marked 

U 1/2 

h 

separation  of 

20  ]/2 

5 

wutsr  in 

26 

— 

several  days 

Basic  Recipe  + 
Other  Activators 


0.05  ml  diethylene 

3/25/0 

2 

10 

Slightly  uneven; 

triamine 

u 

13 

separation  of 

6 

16 

water  layer  in 

2h  1/2 

45 

several  days 

3/23/j 

16 

30 

19  V'c 

29 
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TABLE  I (cont.) 


With  Monomer  Specimen  3 (cont.) 

% Reacted. 


Time, 

From  From 

” Appearance  of  Polymer 

Run 

hr 

Test  Work-up 

Final  Emulsion  Ms  W. 

0.10  ml  diethylene 

2/23/D 

2 

16 

Fairly  smooth} 

triamine 

U 1/2 

18 

marked  separation 

20  3/2 

36 

of  water  in  several 

26 

li* 

days 

0.0*0  g Ma  S 0 .5  K 0/ 
1 ml  E,0  c * J c 

3/25/D 

2 

8 

•Smooth}  separation 

Li 

6 

of  water  layer  in 

6 

9 

severe 1 days 

2b  i/2 

b3 

3/23/U 

16 

30 

19  1/2 

36 

Basie  Recipe  Except 

Catalyst  Changed 

0.0*C  g (NHj  ) .C„Cp/ 

2/23/B 

2 l/b 

li 

Not  smooth}  quick 

O.b  ml  H20 

li  1/2 
6 1/2 

29 

lb 

separation  of 
water 

0.0*0  g K,S90o/ 

3/2*A 

a 

c 

10 

Smooth}  separation 

1 ml  HjO  £ * 0 

h 

1* 

of  water  layer  after 

6 

Id 

several  days 

3/2h/F 

16  1/2 

bb 

Immediate  polymer 

23 

rvOymsr 

out 

separation 

0.0*0  g (UH,'S  0OJ 

h/l/C 

1 1/2 

7 

Same 

1 ml  HgO  + 3 tag*  0 

li 

13 

FeSO.  ^HgO/l  ml  H.O 

< i /? 

7 

3* 

2b 

2b. 

63 

30 

*2 

h/l/D 

1 1/2 

* 

Same 

b 

1* 

* 1/2 

13 

7 

18 

6* 

30 

b8 
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B.  ADDITION  AND  CONDENSATION  POLMERS 
1,  Polyurethanes 

a.  Chela  ted-tietal  Compounds  as  Catalyst*  for  Poly- 

urethane Formation 

( 1 ) Introduction 

The  rate  of  polyurethane  formation*  using 
nitro  diols  and  nitro  diisocyanates*  la  so  slow  that  a practical  sethcd 
for  increasing  the  rate  of  polymerisation  was  sought.  In  searching  for 
polyurethane  catalysts*  the  acetylacetonates  of  vanadium  and  chromium 
were  studied  briefly*  before  it  was  found  that  ferric  acetylacetonate 
was  far  superior  .**  This  study  has  now  been  extended  to  include  other 
metal  acetylacetonates. 

(2)  Discussion 

(a)  The  rate  of  polyurethane  formation 
has  been  studied  extensively  using  the  I^J  system.  3 ,3-dinitro— l,5~pentane 
diisocyanate  and  2 -nitro-2  nee thy 1-1, 3-propanediol,  in  absolute  dioxan, 
as  a model.***  The  I-J  system  was  therefore  chosen  for  the  comparison 
of  the  catalytic  activity  of  other  metal  acetylacetonates.  The  experi- 
mental results  are  summariaed  in  Tables  II,  III,  17,  V and  Figures 
1 and  2. 


(b)  The  rate  constants  listed  in  Table  II 
are  approximations,  inasmuch  as  some  of  the  more  active  catalysts  also 
promote  the  homopolymerlzation  of  the  diisocyanate.  Table  III  shows  the 
magnitude  of  this  honopolymerlsatlon  at  a larger-  catalyst  concentration 
used  to  magnify  the  effect.  Table  IV  and  Figures  1 and  2 show  the  effect 
of  varying  catalyst  concentration.  This  study  was  made  at  3$°C  in  order 
to  lower  the  rates  at  high  catalyst  concentrations  into  the  measurable 
range. 


*Aerojet  Report  No.  663,  p.  13 ; No*  686,  p0  8. 

4Mt 

Aerojet  Report  No.  686,  p.  8 

Aerojet  Report  No.  590,  p.  22;  No.  622,  p.  18;  No.  638,  p.  2h}  No. 
663-  p.  12;  No.  686,  p.  8;  No.  712,  p.  6. 
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TABLE  II 

COMPARISON  OF  THE  CATALYTIC  PROPERTIES  OF  METAL  ACETYIACETONATES  IN 

POLYURETHANE  I-J  FORMATION 


Acetylacetonate 


Rate  Constant  k at  5o°C*’ 
liter/eq.  hr 


Iron  III  26 

Lead  II  5 

Copper  II  3 

Manganese  III  2 .5 

Vanadyl  II  1*3 

Chromium  III  0.2 

Nickel  n 0.2 

Cobalt  II  0.2 

Cobalt  III  .0.1 


TABLE  III 


COMPARISON  OF  THE  CATALYTIC  PROPERTIES  OF  METAL  ACETHACETONATES 
3 ,3-DINITRO-l ,5-PENTANE  DIISOCIANATE  HOMOPOLYMER  FORMATION 


Elapsed 

Time 

hr 

Milliequi valent s of  (-NC0)  Present**- 

Iron  in 

Lead  II 

Copper  II 

Manganese  III 

Vanadyl  II 

0 

95.0 

95.0 

95.0 

95.0 

95 .0 

1.0 

9U.7 

ppt.*** 

91.5  ' 

91.5 

94  .0 

2.0 

— 

ppt  .*** 

91.0 

6?.2 

93.0 

20.0 

— 

39.6 

U9.0 

31*2 

85 .0 

25.0 

9U.6 

38.6 

U5.2 

80.2 

82.5 

‘It 

Initial  monomer  concentration,  1 eq/liter.  Catalyst  concentration, 

1 x lCT1*  mole/ilfcer , 

Catalyst  concentration  1 x 10  mola/liter,  in  dioxan  solution,  at  50  0. 
Initial  (-NCC)  concentration,  0.95  eq/liter. 

Precipitated  polymer  prevented  removal  of  a sample.  The  polymer  later 
agglomerated,  permitting  sampling. 
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II  Technical  Progress,  B (cont.)  Report  No.  833 

(3)  Conclusions 

(a)  The  iron  III  acetylacetonate  is  by  far 
the  best  catalyst  for  polyurethane  formation  and  atf  the  same  time  does  not 
catalyze  the  diisocyanate  homopolymerization  rate.  Lead  II  and  copper  II 
acetylacetonates  catalyze  the  diisocyanate  homopolymerization.  Vanadyl  II 
and  manganese  III  acetylacetonates  have  a slight  effect  on  the  hoaopoly- 
merization  rate.  Cobalt  II  is  more  effective  than  cobalt  III  acetylacetonate. 
This  suggests  that  iron  II  acetylacetonate  should  be  studied. 

(b)  A linear  relationship  between  catalyst 
concentration  and  rate  was  not  obtained.  Furthermore,  the  uncatalyzed 
rate  at  35°C  was  higher  than  the  uncatalyzed  rate  at  50°C  reported  earlier* 
(Kj£0  ■ U.7  x 10-2  vs  kj-QO  " 2.3  x 10“3  liter/eq  hr),  and  the  rate  at  35°C 

using  1 x 10“£  mole/liter  catalyst  was  lower  than  that  reported**  for  the 
rate  at  30°C  (K-j^o  " 0.55  vs  Ic^go  “ 1.06  liter/eq  hr).  It  ie  hoped  that 

farther  studies  will  eliminate  these  discrepancies. 

(U)  Experimental 

(a)  A dioxan  solution  containing  1 eq/llter 
of  each  monomer  was  divided  into  IGO-el  portions . To  each  was  added  the 
appropriate  amount  of  recrystallized  metal  acetylacetonate.  The  solutions 
»ere  maintained  at  50°C  and  samples  were  periodically  removed  for  (-NC0) 
determination  by  the  standard  technique***.  Table  V lists  the  observed 
data,  and  the  corresponding  calculated  rate  constants  are  listed  in  Table  II. 

(b)  A dioxan  solution  containing  1 eq/liter 
of  3 ,3-dinitro-l, 5-pentane  dl isocyanate  was  divided  into  IOC -ml  portions, 
catalysts  added,  then  maintained  at  50°C.  Samples  were  periodically  re- 
moved for  (-NC0)  determination***.  Table  III  lists  ihe  observed  data. 

(c)  A dioxan  solution  containing  1 eq/liter 
of  each  monomer  was  divided  into  10O-ml  portions . To  each  was  added  the 
appropriate  amount  of  iron  III  acetylacetonate.  The  solutions  were  main- 
tained at  35°C  and  sampled  periodically  for  (-NC0)  determination  by  the 
standard  technique.***  Table  IV  and  Figures  i and  2 show  the  observed 
data. 


*Aerojet  Report  No.  590,  p.  27, 
Aerojet  Report  No.  712,  p.  7, 
**Verojet  Report  No.  638,  p.  25. 
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b.  New  Polyurethanes 

(1)  Introduction 

(a)  During  this  period,  preparation  of  rase 
polyurethanes  of  the  XV  series  (2«»nitro-2-aza-l,u-butane  diisocyanate)  was 
continued  with  the  preparation  of  XV-N  from  ethylene  glycol  and  XV -C  frcm 
5»5-dinitro-l,2-hexanediol,  No  attempts  to  postnitrate  these  polyurethanes 
were  made,  inasmuch  as  severe  degradation  occurred  with  XV -A.  (2,2-dinitro- 
1, 3-propanediol)  and  XV-J  ( 2-nitro-2-«ethy  1-1,3-propanediol)  . 

(b)  Limited  quantities  cf  a new  nitrodiol, 
3-nitrc-3-a»a-l,5~pentanediol,  became  available*  It  was  assigned  the  letter 
P for  convenience.  A new  polyurethane,  I-P, was  prepared  from  3,3-dinitro-l, 
5-pentane  diisocyanate  and  the  new  did.  Postr.itration  yielded  polyurethane 
I-PN.  The  structures  and  calculated  specific-impulse  values  are  shown  in 
Table  VI. 

(2)  Preparation  of  Polyurethane  XV-N  from  2-Nitro-2- 
aca-l,L» -butane  Diisocyanate  and  Ethylene  Glycol  ( JRF-269) 

Equivalent  quantities  cf  the  liquid  monomers, 

UO  g total  weight,  were  dissolved  in  LO  ml  absolute  dioxan.  Heat  was  evolved, 
and  the  solution  became  more  viscous.  After  15  min,  0.011  g ferric 
acetylacetonate  catalyst  was  added# resulting  in  further  heat  evolution. 

The  mixture  was  maintained  at  50°C  for  9h  hrs.  The  resulting  viscous  solution 
contained  some  solids.  Dimethylformamide  was  used  to  dissolve  the  product, 
which  was  then  precipitated  by  pouring  into  rapidly  stirred  ice  water.  The 
dried  product  weighed  39  g. 

Anal.  Calc'd  for  C^N^i  $0,  33 .87 1 *H,  L.8?i  *N,  22.58 

Founds  %Ct  33.7l*J  *H,  h.90*  *N,  23.55 

Heat  of  Combustion  Calc'd:  3560  cal/g 

Founds  3U97  cal/g 

Relative  Viscosity?  1J0,  1$  in  dimethylformamide  at  25°C. 

Sta'uiiity  at  65.5°C,  Kl-Starehs  >6S  hr 
Impact  Stability?  >100  cm/2  kg  weight. 

Softening  Ranges  65  to  7?°C 


Aerojet  Report  No.  807,  pp.  17  and  18. 
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Polyurethane  XV~N 


TABLE  VI 


NEW  POLTURETHANES 

- * • • i 


0“ON-CH2-.N-CH2-CK2-.N-C-0  + HO-CHg-CHgOH  - 

<VWU5  (C2H6°2) 

2 -Nit ro-2 -eza-1 , U-butane  Ethylene  Glycol 

Diisocyanate 


%Wn 


Calc  *d  I - 83  lbf  eec/lbm 

sp 


NO.-C-NO, 
^ I ^ 

?2 

?V 


OON-CHg-Ji-CHj-CH^-C-O  ♦ HO-CHg-CH-OH 


(ss%W 


2-Nitrc  -2-aza-l , U -butane 
Diisocyanate 


<C6H12N2°6) 

$ , 5-Dinitro-l, 2- 
hsxanedlol 
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?«3 

N02-C-M02 


Tl)  »u2  0 >2  -I 

U^-NH^Hg-LcHg-^Hg-NH-C-O-CHg-tR-O- 1 


^CHH18N6°10^ 


Calc'd  I - lii2  lbf  sec/ll 
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TABLE  VI  (coat.) 


Polyurethanes  I-P  and  I-PN 


NO,  NO, 

I 2 I 2 

O-ON-CHg-OHg-C-CHg-OTg-N-OO  + HO-CK,-CHg-N-CHg-CHg-OH  • 

NOg 


('MV 


(WsV 


3 ,3-Dinitro-I#$-pentane 
Diisocyanate 


3 -Nit  ro-3 -a  za-1 , 5- 
pentanediol 


_ 0 NO.  0 NO,  _ 

f l I 2 fi  I 2 ^ 

I j<W!iW;H2^H2^^H2-CH2-NFl-C-^JH2-CH2-N^CH2-CH2-0-| 

^ ^CllHl8N6°10>n 

Galc‘d  I - lJU2  lbf  sec/lbm 
sp 


Nitration 


tO  N0„  NO,  NO,  0 ««,  ~ 

(j  I ‘ t 2 ✓ 2 //  I 2 | 

C-N-CHg-CHg-^-CHg-CHg-N C-O-CHg-CHg-N-CHg-CHg-Oj 


Ig-UHg-y-UHg-tiMg- 


*2  2 2 


'cuWji,> 


Calc;d  I ■ 2 Cff  lbf  sec/lfcn 

sp 
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(3)  Preparation  pf  Polyurethane  XV -0  from  2-Nit.ro— 
2-aza-l,U-butane  Diisocyanate  and  5 ,5-Dinitro-i, 2-hexanediol  (JRF-270) 

Equivalent  quantities  of  the  monomers,  5U  g 
total  weight,  were  dissolved  in  5 U ml  absolute  dioxan.  Addition  of  ferric  „ 
acetylacetonate  catalyst  did  not  result  in  polymerization . The  red  color 
of  the  catalyst  was  instantly  changed  to  a light  yellow  by  traces  of  acidic 
impurities  in  the  diol.  More  catalyst  was  added  until  the  red  color 
persisted,  requiring  a total  of  0.0?2  g„  Heat  was  evolved  and  poly- 
merisation proceeded  as  usual.  Jitter  117  hr  at  50°C  the  product  was 
dissolved  in  dimethylf ormamide , then  precipitated  by  pouring  it  into 
rapidly  stirred  ice  water.  The  dried  product  weighed  52  g,  and  had  the 
following  characteristics* 

Anal.  Calc'd  for  *C,  33.50;  %KS  U.60;  %*!,  21 J2 

Found*  %C,  33.10;  JCH,  U.66;  *N,  21.53 

Heat  of  Combustion  Calc!d*  362*3  cal/g 

Fovnd:  3571  cal/fc’ 

Relative  Viscosity*  1.10,  l£  in  acetone;  1.13,  If  in  butyrolaetone;  at  25°C. 

Stability  at  65.5°C,  Kl-Starch*  >6.5  hr 

Impact  Stability*  100  cm/2  kg  weight 

Softening  Range:  70  to  80°C 

(U)  Preparation  of  Polyurethane  I-P  from  3,3- 
Dinitro-1, 5-pentane  Diisocyanate  and  3-Nitro-3-aza-l,5-pentanediol  (JRF-268) 

Equivalent  quantities  of  the  monomers,  32  g 
total  weight,  were  dissolved  in  32  ml  of  absolute  dioxan.  Ferric 
acetylacetonate,  0.0058  g,  was  added  to  catalyze  polymerization.  After 
100  hr  at  50°C  the  product  was  dissolved  in  acetone  and  precipitated  by 
pouring  into  rapidly  stirred  ice  water.  The  dried  product  weighed  31  g 
and  had  the  following  characteristics* 

Anal.  Oalc'd  for  C^H^N^g*  %C,  33 .50;  *H,  4.60;  *N,  21.32 
Found*  *C,  33  JO;  hM9‘,  *N.  21.51 

Heat  of  Combustion  Calc’d*  362*3  cal/g 

Founds  3615  cal/g 

Relative  Visocsitys  1.26,  UG  in  acetone;  1.56,  1#  in  butyrolaetone  at  25°C. 
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Stability  at  65.5°C  El-Starch:  21  mir. 

Impact  Stability*  >100  cm/2  kg  weight 

" . * 

Softening  range*  U5-55°C 

(5)  Preparation  of  Polyurethane  I-PN  by  Nitration 
of  Polyurethane  I-P  Prepared  from  3,3-Dinitrc-l,5-pentane  Diisocyanate  and 
3-Witro-3-*&a-l,5-pentanediol  (JRF-275) 

One  hundred  si  cf  ICOjt  nitric  acid  at  0°C  was 
added  to  5 g of  polyurethane  I-P  (JRF-268,  above),  After  vacuum  stripping 
excess  acid  at  room  temperature,  the  polymer  was  .dissolved  in  acetone  and 
precipitated  by  pouring  the  solution  into  methylene  chloride. 

Anal.  Calc'd  for  O^H^NgO^*  %c$  2?.28j  %H,  3.33j  ?N,  23 .lU 

Found*  %G,  26,78;  JSH,  3M;  *N,  22.70 

Heat  of  Combustion  Calc'd*  2886  cal/g 

Found*  28liii  cal/g 

Softening  range*  1*0  to  50°  C 

KI -Starch  test  at  65.5°C*  5 min 

Impact  Stability:  75  cm/2  kg 

7}  * 1.19»  1 % in  acetone  at  25°C 
'■r 

c.  Further  Work  on  Previously  Described  Polyurethanes 

(1)  Preparation  of  Modified  Polyurethane  I -A  from 
3, 3-Dinitro-l, 5-pentane  Diisocyanate,  2, 2-Dinitro-l ,3 -propanediol,  and 
Ethanolamlne 

(a)  This  ultimate  use  of  Polyurethane  I -A 
as  a solid  rocket  propellant  required  sosxe  modification  of  the  linear  structure 
so  as  to  yield  desirable  physical  and  mechanical  properties,*  It  has  been 
found  that  approximately  Ut  branching  of  polyurethane  I-A  gives  improved 
physical  and  mechanical  properties.  In  the  German  "Vulcollan"  rubber*** 
it  was  found  that  by  introducing  cross-links  at  regularly  spaced  intervals 


^Aerojet-General  Report  No.  772,  p.  30. 

Aerojet-General  Report  No.  772,  p.  60, 

Bayer,  Miller,  Petersen,  Piepentrink  and  Windemuth,  Zclt , Anggw,  Chem.  62, 
57*  (1950). 
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of  about  2500  mol  wt,  the  tear  resistance  reached  a maximum.  The  cross- 
linking  was  obtained  by  the  reaction  of  diisoc vana tee  with  urea  linkages, 
which  have  been  reported  to  react  80  to  100  tines  as  fast  as.  urethane 
linkages,  Petersen  stated  that  cross-linkihg  can  occvir  during  linear  poly- 
urethane or  polyurea  formation  by  the  interaction  of  diisocyanate  with 
urethane  of  urea  linkage s»* 

(b)  During  this  period,  the  effect  on  physical 
properties  of  substituting  ethanolamine  for  a portion  of  the  dinitropropana- 
diol  in  Polyurethane  I -A  has  been  studied.  Replacing  one  third  of  the 
dinitrodiol  with  ethanolaaine,  preparation  JRF-263,  gave  high-molecular-weight 
polymer  containing  a small  amount  ( <$%)  of  acetone-insoluble  material-. 

There  was  no  change  in  the  softening  range.  A small  amount  of  3 ,3-dinitro— 
1,5-pentane  diisocyanate  with  and  without  ferric  acetylacetonate  catalyst 
was  milled  into  the  polymer,  which  was  plasticised  with  10  wt£  dioxan.  The 
products  were  soluble  in  acetone « After  being  (fared  for  2h  hr  at  80° C or 
100  hr  at  110°C,  both  uncatalyzed  and  catalyzed  camples  were  insoluble  in 
acetone.  Likewise  the  control  containing  no'  extra  diisocyanate  became 
acetone-insoluble  after  further  curing.  It  is  believed  that  at  this  higher 
temperature  the  (-NC0)  end  groups  present,  due  to  the  "dynamic  equilibrium", 
react  with  the  urea  linkages  present  to  give  a crosslinked,  acetone-insoluble 
product. 


(c)  Attempts  to  obtain  crosslinking  in  so- 
lution via  the  urea  linkage  were  at  first  unsuccessful.  In  the  first  attempt, 
JRF-271,  an  excess  of  diioscyanate  was  used  to  make  a Polyurethane  . 

I-A  of  calculated  DP  » 32.  This  polymer  with  (-NC0)  end  groups  was  added 
to  an  equivalent  amount  of  ethanolamine  in  dioxan.  The  portionwise  addition 
of  diisocyanate  resulted  at  first  in  an  increase  in  viscosity  as  precise 
equivalence  of  end  groups  was  reached,  then  a decrease,  indicating  that 
little  or  no  reaction  of  diisocyanate  with  urea  linkages  occurred  at  50"C- 
under  the  conditions  used.  A second  attempt,  JRF-272,  was  made,  duplicating 
the  first  except  that  the  ethanolamine  was  added  to  the  Polyurethane  I-A 
of  DP  ■ 32.  The  same  results  were  'observed.  Later  it  was  found  that  when 
the  temperature  was  raised  to  65°C,  acetone-insoluble  product  was  obtained 
in  500  hr.  This  indicates  that  the  rate  of  reaction  of  (-NC0)  with  urea 
linkages  is  very  slow  at  50°C,  the  temperature  that  is  normally  used  for 
the  polyurethane  reaction,  but  becomes  appreciable  when  the  temperature 
is  raised  20  to  30°C . 

(d)  Experimental  (JRF-263) 
3»3-Dinitro-l,5-pentane  diisocyanate, 

assay  99.056,  20.072  g (O.OoiU  moj«)  in  30  ml  absolute  dioxan  was  added  drop- 
wise  to  9.879  g (0,l6l7  mole)  ethanolamine  in  30  ml  dioxan,  using  an  ice 
bath  to  control  the  temperature  in  the.  range  from  30  to  50°G.  2.2-Dinltro- 
1,3-crcpanediol,  53.527  g (0.3222  mole)  was  added?"  then  99.980  g'(Ojb05U 
aola)  3, 3-dinitro-l, 5-pentane  diisocyanate  in,  110  ml  dioxan  was  added 

dropwise,  controlling  the  temperature  in  the  range  from  30  to  50°C  with 

♦ » 

"W.  562,  2lU  (19^9). 
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an  ice  bath.  Ferric  ace ty lace tonate  catalyst,  0.068  g,  was  ussd.  After 
116  hr  at  50°C  the  product  was  worked  up  in  the  usual  manner  after  filtering 
out  a small  amount  of  acetone-insoluble  product.  The  dried  polymer  softened 
in  the  range  from  65  to  75°C,  and  a 1#  solution  in  acetone  at  25°C  had  a 
relative  viscosity  of  2 .Li? . 


(e)  Experimental  (JRF-271) 

A solution  of  Ul.00  g (0.330  eq.) 

3 .3- dinitro-l,5-dinitro-l,5-pentane  diisocyanate  in  50  ml  dioxan  was  added 

dropwise  to  a slurry  of  25T.810  g (OjlO  eq.)  2,2-dinitro-l,3-propanediol  - 

in  17  ml  dioxan  plus  0.022-g  ferric  acetylacetonate  catalyst.  The  temperature 
was  maintained  at  50°C  for  2 hr,  and  the  polymer  solution  was  then  added 
slowly  to  a solution  of  1.110  g (0.0182  mole)  ethanolamine  in  1$  ml  dioxan. 

A small  amount  of  heat  was  evolved,  but  the  viscosity  remained  constant. 

More  diisocyanate,  2.00  g (0.016U  eq.)  was  added  to  give  calculated 
equivalence  of  end  groups.  The  solution  was  then  maintained  at  50°C. 

Table  VII  shows  the  observed  solution  and  relative  viscosities.- 

(f)  Experimental  (JRF-272) 

The  above  experiment  was  duplicated 
except  that  the  ethanolamine  was  added  to  the  polymer. 

(2)  Preparation  of  Modified  Polyurethane  I -A  from 

3 .3- Dinitro-l,5-pentane  Biisocyanate,  2, 2-Dinitro-l. 3-propanediol,  and  Water 

(a)  Earlier  studies  have  shown  that  nit  1'0- 
polyurea  a can  be  prepared  from  nitrodiisocyanates  and  water.  The  use  of 
ethanolamine  to  introduce  urea  Linkages  in  Polyurethane  I -A  lowers  ths 
specific  impulse  of  the  polymer.  By  using  water  to  produce  3#3-dinitro- 
1, 5-pentane  diamine  in  situ,  this  loss  of  specific  impulse  is  reduced. 

(b)  Polyurethane  I -A  of  calculated  DP  * 32 
having  (-NC0)  end  groups  was  prepared  in  5<#  dioxan  solution.  Urea  formation 
and  chain  lengthening  was  achieved  by  adding  sufficient  water  to  react  with 
one-half  the  (-NC0)  end  groups,  yielding  amine  end  groups  which  reacted 
with  the  remainder  of  the  (-NC0) . The  addition  of  1 . 3-dinitro-l, 5-pentane 
diisocyanate  resulted  in  acetone-insoluble  product  after  lliO  hr  at  65°C. 

This  Is  a much  shorter  time  than  was  required  for  crosslinking  at  65°C 
using  ethanolamine  (see  above).  It  is  believed  that  some  branching  occurred 
when  water  was  added  to  the  polyurethane  I-A  DP  ” 32,  thus  requiring  fewer 
bonds  for  complete  insolubility.  Such  branching  and  crosslinking  was 
observed  when  pclyurees  were  prepared  from  diisocyanates  and  water 

( c ) Experimental  ( JRF-273 ) 

A solution  of  Lil.00  g (0.330  eq.)  3,3- 
oinitro-l, 5-pentane  diisocyanate  in  50  ml  dioxan  was  added  dropwise  to  a 
slurry  of  25,8l  g (0-310  eq.)  2, 2-dinit  roLL3 -propanediol  and  0.011  g 
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tAfilfi  m 


MODIFIED  POLYURETHANE  I -k,  JRF-271.  SOLDTION  AND  RELATIVE  VISCOSITIES 


sd  time  at  50°C 

Solution  Viscosity 

>?_  acetone 

Remarks 

0 hr 

t 

1.6  sec 

— 

2 

1.6 

1.20 

Added  to  ethanolandne 

23 

1.6 

1.13 

Added  2.00  g 
diisocyanate 

20.0 

10.0 

1J0 

2h.0 

1U.2 

— 

Added  0.18b  g 
diisocyanate 

26.5 

39 .0 

— 

Added  0.138  g 
diisocyanate 

27.5 

50.0 

— 

92.0 

125.0 

1.56 

Added  2.55  g 
diisocyanate 

96.0 

9b  .0 

. . 1.58 

99.0 

69,0 

— 

116.0 

U9.0 

— 

120.0 

35.0 

1.50 

Added  1.050  g did 

lbl.0 

60.0 

— 

Added  0.235  g did 

lb7.0 

5i.o 

— 

Added  0.b86  g 
diisocyanate 

165.0 

66.0 

1 JU3 
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ferric  aeetjlacetonsfce  in  10  ml  dioxan  » The  temperature  was  maintained  at 
50°C  for  1 hr,  and  a solution  of  0,180  g (0.01  eq.)  water  in  7 ml  dioxan 
was  added.  After  24  hr  at  65°C,  1.2*>  g (0.01  eq.)  3,3-dinitrO“l,5-pentane 
diisocyanate  was  added.  The  solution  viscosity  dropped  at  first  from  22 
sec  efflux  to  13  sec.  After  50  hr  at  65°C  there  was  a steady  rise  to  95 
eec  efflux  after  125  hr,  the  solution  reaching  insolubility  after  i40  hr 
at  65°C. 

2,  New  Polyureas  - Preparation  of  Polyurea  IV-  C from  2-Nitro- 
2-asa-l,4-butana  Pllaocyanate  and  Water 

a . Using  the  technique  of  preparing  the  diamine  in  situ 
from  diisocyanate  and  water*  a new  polyurea  of  the  XV  series  was  prepared 
(see  Table  VIII  for  structure  and  estimated  specific  impulse.) 

b.  To  a 5 OO-ml  resin  flask  containing  2.043  g (U3  meq) 
distilled  water  in  10  ml  absolute  dimethylforaamide  was  added  portiorprise 
21*645  g (22?  aeq)  of  diisocyanate  (assay  97  .550  in  15  ml  dimethylformamide, 
Immediate  heating  and  gassing  were  observed  in  the  reaction  solution.  After 
all  the  diisocyanate  was  added  the  temperature  was  maintained  at  6£°C  for 
114  hr.  The  viscous  solution  was  diluted  with  DMF,  then  poured  into  rapidly 
stirred  ice  water.  The  precipitated  polymer  was  collected  and  dried. 

Anal.  Calc'd  for  CflHl6N806*  *C,  30.00;  JCK,  5.04;  *N,  34.99 

Found:  JtC,  31.28;  *H,  4.72;  *N,  35.09 

Heat  of  Combustion  Calc'd:  3730  cal/g 

Found:  3690  cal/g 

Softening  Range:  155  to  160°C 

KI  Starch  test  at  65.5°C:  >5  hr 

Impact  Stability?  >100  cm/2  kg 

7^r  * 1.0?  (U5  in  dimethylfornamide  at  25°C). 
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ferric  acetylacstonate  in  10  ml  dioxan , The  temperature  was  maintained  at 
50OC  for  1 hr,  and  a solution  of  0.180  g (0,01  eq.)  water  in  7 ml  dioxan 
was  added.  After  2k  hr  at  65°C,  1.25  g (0.01  eq-)  3 ,3-dinitro-l, 5-pentane 
diieccyanate  was  added.  The  solution  viscosity  dropped  at  first  from  22 
sec  efflux  to  13  sec.  After  50  hr  at  65°C  there  was  a steady  rise  tc  95 
sec  efflux  after  125  hr,  the  solution  reaching  insolubility  after  lfoO  hr 
at  65°C. 


2 . New  Polyurea  - Preparation  of  Polyurea  XV-  £.  from  2-Nitro- 
2-a»a~l,U-butane  Dilsocyanate  and  Water 

a.  Using  the  technique  of  preparing  the  diamine  in  situ 
from  diisocyanate  and  water*  a new  polyurea  of  the  XV  series  was  prepared 
(see  Table  VIII  for  structure  and  estimated  specific  impulse.) 

b.  To  a 500-ml  resin  flask  containing  2.di3  g (133  meq) 
distilled  water  in  10  ml  absolute  dlmethylformamide  was  added  portionrlse 
21.6U5  g (227  meq)  of  diisocyanate  (assay  97. 550  in  15  ml  dlmethylformamide. 
Immediate  heating  and  gassing  were  observed  in  the  reaction  solution.  After 
all  the  diisocyanate  was  added  the  temperature  was  maintained  at  65°C  for 
111*  hr.  The  viscous  solution  was  diluted  with  DMF,  then  poured  into  rapidly- 
stirred  ice  water.  The  precipitated  polymer  was  collected  and  dried. 

Anal.  Calc’d  for  CgH^NgO %C,  30.00;  *H,  5.0li;  *N,  3k. 99 

Found:  *C.  31.28;  *H,  U.72;  *N,  35.09 

Heat  of  Combustion  Calc  'ds  3730  cal/g 

Found:  3690  cal/g 

Softening  Range:  155  to  l60cC 

KI  Starch  test  at  65.5°C:  >5  hr 

Impact  Stability:  >100  aa/2  kg 

7^r  * 1.07  (l£  in  dimetnylformamide  at  25°C). 
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Polyureaa  XV- f.  and  IV-  £■  N 


• • • » 

>ffl»  j>oLiuRaks r ‘ -v 

• '*  t ' jj'-V*1  t ' r 


••  NO. 

OC-N-CH„-N-GH_-CHo-N-C-0 

X.  C C 


NOg 

H^N-CH^N-CHg-CHg-NHg  ■ 


r»  ' 


;MC2' 


'2 

(°5h6H!10U)  (c 

2-Nit ro-2-aza-l^U-butane  Misccyanate  2-Nitro-2~aza-l,U-butane  Diamine 

rs  f°2  u 

l-C-NH-CHg^-CHg-C^-NH-C-NH-CHg-N-CHg-CHg-NH- 


-»n 


Theoretical  I » 152  lbf  sec/lbm 

sp 


Nitration 


ro  ] 

-»  [rC- 


°f°2 


N0_ 

9 C 


fl!S°2  7°2  I 

I7W  _MW_  | 


N-CH0-N-CH0-CH0-NH-C-N-CH_-N-CIt,-CW  -NH- 

C C.  C.  C a.  t _ 

(C8HlUN10°lo)n 


Theoretical  X ■ 211  lbf  sec/lbm 


Page  26 


CONFIDENTIAL 


^ 1 


V «*• 


Report  No.  833 


CONFIDENTIAL 


III.  TECHNICAL  PROGRESS!  FORl<UIATION .STUDIES 

A.  INTRODUCTION 

Mechanical-properties  studies  on  linear  nitro polymers  have 
revealed  that  these  polymers  will  not,  have  the  strength  necessary  to  with- 
stand the  stresses  and  strains  which  will  occur  during  Tiring  of  a nitro- 
polymer  grain.  As  a result*  a great  deal  of  effort  has  been  expended  in 
improving  the  physical  properties  of  nitropolymers  by  the  introduction  of 
branching  and  crosslinks . During  the  pest  quarter*  formulation  studies 
directed  toward  developing  a nitropolymer  grain  have  continued  with  further 
investigations  of  polyurethane  systems  modified  with  plasticisers  and 
c roe blinking  agents.  In  particular*  casting  studies  including  systems 
containing  inorganic  oxidizers  have  been  made.  These  formulated  products 
were  characterized  by  determinations  of  burning  rates*  pressure  exponents, 
thermal  stabilities*  and  Impact  stabilities.  A number  of  non-nitro  plasti- 
cizers have  been  investigated  with  respect  to  polyurethane  compatability 
end  utility  in  oxidixer-filled  formulations.  Two  non  nitrcplasticizers, 
l*3*3-trlnitro-butane  and  methyl  !*-nitruss. valerate,  have  been  utilized  in 
one-stags  castings  based  on  a polyurethane  system.  Finally,  second-stage 
crosslinking  in  polyurethane-based  systems  has  been  studied  with  the  purpose 
of  obtaining  practical  curing  reactions  in  order  to  add  structural  strength 
to  otherwise  thermoplastic  propellant  formulations. 

B.  CASTING  STUDIES 

1.  Discussion 

The  previously  described  one-stage  casting  techniques* 
have  been  applied  to  the  Polyurethane  XIII-A  system  using  dioxan,  methyl 
U*U-dinitrovalerate,  methyl  a -nitraza valerate,  and  1,3*3 -tr init r obutane 
as  plasticizers.  Three-eighths  to  l/2-in.  rods  were  produced  in  test-tube 
molds.  During  the  past  quarter  flat— bottomed  crystallizing  dishes  were 
used  as  molds  for  these  castings*  and  in  most  cases*  uniform  flat  sheets 
were  obtained.  Experimental  data  given  in  Table  IX  shew  that  runs  No.  2$ 6, 
260*  and  26l  did  not  yield  the  expected  gel*  such  as  was  obtained  when 
dioxan  or  MDNV  was  used  in  earlier  compositions.**  Kcrever,  when  freshly 
distilled  MDNV  was  used  (Run  No.  262)  the  expected  gel  formation  gave  rise 
to  opaque  castings.  When  MDNV  was  freed  of  any  acid  impurities  and  distilled, 
the  clear  gelled  product  was  found  superior  to  the  previous  formulations. 
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TABLE  IX 

POLYURETHANE  aIII-A  CASTINGS 


Run 

Solvent 

Solvent 

Cone. 

(wtjS) 

Triol 

Cone. 

(eq4) 

Cat . Cone • 
moles  FeAA/ 
eg.  NCO 

Cure 

Results 

25*4 

Dioxan 

30 

10 

2 x 10~* 

30  hr  at 
110®F 

Soft  gel, 
cracked  on  cooling 

255 

Dioxan 

15 

2 

2 x 10"* 

16  hr  at 
110°F 

Hard  gel# 
fe:?  bubbles 

256 

MDNV1 

50 

2 

1 x 10"* 

4 days  at. 
110°F 

No  gel 

260 

MDNV1 

35 

2 

U x 10"* 

60  hr  at 

5o°c 

No  gel 

261 

MDNV1 

35 

10 

3 x 10"* 

20  hr  at 
H0°F 

Soft,  rubbery 
gel 

262 

MDNV2 

35 

10 

2 x 10"* 

16  hr  at 
110°F 

Opaque,  bubble- 
free  gel 

263 

NDNV3 

35 

10 

2 x 1C"* 

16  hr. at 
110°F 

Opaque,  bubble- 
free  gel 

264 

TNB^ 

35 

10 

2 x 10"*  . 

16  hr  at 
110°F 

No  gel,  bubbles 

283 

NDNV* 

35 

2 

3 x 10-* 

16  hr  at 
110°F 

Soft,  rubbery 
gel 

284 

MN V6 

30 

2 

3 x 10"* 

6 days  at 
110°F 

Weak,  bubble- 
filled  gel 

^Methyl  4 ,U-dinitrovalerate , batch  1,  distilled  several  months  ago. 
Previously  gave  good  gels. 

2Batch  2,  freshly  distilled. 

^ Batch  2 treated  with  activated  alumina. 

^1,3 ,3-Trinitrobutane . 

* Batch  3»  carbonate  treated,  freshly  distilled, 

5 

“Methyl  U-nitrazavalerate* 
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2.  Conclusions 

The  extremely  sensitive  nature  of , the  monomers  in  these 
systems,  particularly  the  diisocyanates,  demands  the  ultimate  in  plasticiser 
purity.  It  is  seen  that  when  methyl  U , ii -di  nit  r ovale  rate  is  kept  for  several 
months,  even  at  0 to  5°C,  small  amounts  of  decomposition  impurities  are 
sufficient  to  prevent  complete  gelation  at  a 10£  crosslinking  level.  The 
trinitrobutane  and  methyl  U-nitrazavalerate  plasticizers  also  show  acidic 
impurities  which  lead  to  bubble  formation  and  prevent  complete  gelation. 
Future  work  will  show  whether  these  nitroplasticisere  can  also  be  freed 
of  these  inhibiting  impurities . 

C.  INORGANIC  OXIDIZER  FQRMUIATIONS 

1.  It  has  been  reported  that  nitropolymers  could  not  be 
extruded  because  of  unusually  high  cohesive  forces.*  However,  in  combination 
with  inorganic  salts  or  oxidizers  successful  extrusions  were  conducted. 

These  specimens  showed  a high  burning  rate  and  appeared  to  be  of  interest 

in  special  applications  such  as  igniter  materials. 

2.  As  a result,  several  new  formulations  containing  XIII -A. 
(27S?)-TNB  ( 12j£  ) -NH^ClOjj  ^(^-(NHj^CrgOf  (1%)  were  prepared  and  tested  as 
igniter  material  (Runs  257  , 258,  259  , 265,  Table  X).  It  was  found  in  these 
tests  that  the  burning  rate  was  too  low  for  igniters  and  ignition  delays 
greater  than  specifications  allowed  were  observed, 

3.  Several  new  compositions  containing  inorganic  oxidizers  were 
prepared  in  order  to  obtain  information  on  burning-rate  modifiers  in  nitro- 
polyur ethane  binder  systems  (Table  X)  . The  Warbubg  stability  tests  of  two 
formulations  containing  TNB  show  a high  rate  of  gkssing.  It  was  found  that 
this  high  gassing  rate  was  due  to  Impurities  in  the  TNB,  Vigorous  purifica- 
tion of  subsequent  batches  of  TNB  yielded  a product  which  did  not  gas  at 

a measurable  rate  in  the  Warburg  test, 

D.  SECOND-STAGE  GROSSIINKING  STUDIES 

1.  Discussion 

a.  When  crosslinked  polyurethanes  (containing  1 to  2% 
crosslinks)  are  used  in  inorganic  oxidizer  formulation,  it  has  been  found 
that  during  the  milling  operations  the  polymer  degraded  sufficiently  to 
become  soluble  and  hence  thermoplastic.  Therefore,  reestablishment  of  the 
tridimensional  structure  in  the  final  grain  is  desirable.  In  an  attempt 
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to  crosslink  the  thermoplastieoxidizer-containing  formulations,  a number- 
of  potential  crosslinking  agdrtis  4nd  catalysts  have  been  Investigated. 

Straight -chained,  brenched-soldble  (0.5$  triol),  crosslinked-insoiubie 
( £ 1$  triol) , and  urea-containing  polyurethanes  have  been  studied  under 
a variety  of  conditions,  Frodf theae  experiments  the  following  conclusions 
have  been  drawn i (1)  the  only  ’ crosslinking  observed  was  obtained  when  a 
linear  or  bran^hed-soluble  system  was  maintained  at  an  elevated  temperature; 
(2)  crosslinking  did  nit  occur  in  the  presence  of  any  plasticisers;  (3) 
various  forms  of  formaldehyde  and  glyoxal  showed  no  tendency  to  crosslink 
with  the  polyurethane. 

be  Studies  made  on  Polyurethane  I-A  modified  with  33% 
ethanolamlne  have  indicated  that  the  soluble  polymer  could  be  made  insoluble 
by  heating  for  2U  hr  at  i80°F  both  in  the  presence  and  absence  of  diisocyanate 
monomer  (see  this  report,  p.21.)  It  was  thought  that  this  reaction  might 
be  of  interest  as  a curing  reaction  in  a composite  system  containing  this 
modified  polyurethane*  Accordingly,  compositions  of  this  polyurethane  and 
ammonium  nitrate  were  formulated  in  the  presence  of  various  solvents  and 
plasticizers  and  cured  at  180°F.  Table  XI  shows  the  results  of  these 
experiments • 

TABLE  XI 

MODIFIED  I -A — AMMONIUM  NITRATE  FORMULATIONS 


Results 

Composition^  vt%  Solvent  or  Cure  / Solubility  in  ”\ 

Run  Polymer  Plasticizer  NH^NOj  Plasticizer  (hr  at  l80°F)\MAqueous  Acetone/ 


271 

17 

8 

75 

Dioxan 

16 

Partly  insoluble 

271-1 

17 

8 

75 

Dioxan 

72 

Insoluble 

272 

17 

8 

75 

MDNV1 

72 

No  gel 

273 

17 

8 

75 

Iriacetin 

36 

No  gel 

27U 

20 

5 

75 

Triacetin 

16  . 

No  gel 

^Methyl  it,  U-dinitr  ovale  rate 


c.  The  literature  reports  that  bases  catalyze  the  reaction 
of  isocyanates  with  urea  hydrogens . The  following  compounds  were  added  to 
an  acetone  solution  of  the  urea-modified  polyurethane  I -A:  dimethylformamide, 

activated  alumina,  pyridine , urea,  p-nitro-N-jmethylaniline , dimethylaniline . 
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No  gels  were  obtained  upon  curing. for  16  hr.  at  180°F,  including  the 
.control  solution.  A control  solution  from  which  all  the  solvent  was 
allowed  to  evaporate  was  found  to  produce  an  acetone-insoluble  product «. 


d.  Studies  cn  linear  and  branched  soluble  poly- 
urethanes also  showed  the  same  characteristics  as  the  urea-modified 
polymer.  Polyurethanes  I -A  and  XI 1 1 -A  wliich  were  made  with  0,$%  nib- 
glycerol  and  which  were  both  acetone-soluble  became  insoluble  when 
heated  16  hr  at  80°C  or  1 hr  at  100°C.  Linear  soluble  Polyurethanes 
I -A  and  XIII^A  became  insoluble  upon  heating  at  150°C  for  l£  min. 
However,  when  ary  solvent  or  plasticizer  was  added  no  gels  were 
obtained  cn  continued  heating  at  elevated  temperatures . 


e.  Crosslinking  reactions  were  also  attempted 
with  formaldehyde  and  glyoxal.  No  gels  were  obtained  when  formalin, 
nib-glycerol,  glyoxal-water  and  glyoxal-dioxan  were  added  to  acetone 
solutions  of  Polyurethane  I -A  (straight  and.  urea-modified)  and  cured 
overnight  at  180°F. 

2.  Conclusions 

It  is  known  that  most  addition  products  of 
isocyanates  dissociate  at  elevated  temperature,  giving  their  free, 
reactive,  monomeric  end  groups.  The  temperature  at  which  this 
dissociation  takes  place  is  known  as  the  "abspalter"  temperature, 
and  is  characteristic  of  each  addition  compound.*  It  is  believed 
that  the  nitropolyure thanes  are  also  exhibiting  "abspalter" 
properties;  and  at  elevated  temperatures,  rearrangement  and/or 
decomposition. reactions  are  leading  to  croselinking  via  the 
urethane  or  urea  hydrogens.  Any  diluents 'slow  these  rearrangement  "" 
rates  to  the  extent  of  preventing  a gel  before  decomposition 
occurs.  Furthermore,  plasticizers  containing  acids,  water,  or  other 
isocyanate-reactive  materials  cannot  be  used  in  "abspalter"  reactions 
involving  the  urethane  grouping. 

E.  FORMULATION  WITH  COMMERCIAL  PIASTICIZERS 

1.  Two  of  the  plastteir?’*"  compatible  with  polyurethane 
I-A,  dibutyl  phthalate  and  tricresyl  phosphate,  were  used  in  formu- 
lations containing  ammonium  nitrate.  In  both  cases,  the  strong, 
rubbery,  well-plasticized  polymer  binder  lost  strength  and  began  to 
crumble  as  soon  as  the  first  of  the  oxidizer  salt  was  added.  It  is 
concluded  that  possibly  the  phenyl  groups  in  these  plasticizers  are 
too  bulky  and  non-polar  to  allow  efficient  plasticization  after  the 
highly  polar  salt  is  added. 
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IV.  TECHNICAL  H,  DURESS*  MANUFACTURING  OF  NITROPOLYMBRS 

A.  INTRODUCTION 

1.  One  factor  of  gtoat  importance  in  future  application  of 
nitropolymers  is  the  cost  of  narmfacturo  of  nitressonomers  and  their  polymeriza- 
tion products.  This  is  radically  affected  by  the  nature  of  the  processing 
equipment  and  operations.  In  the  production  of  monomers,  it  is  expected  that 
the  scale-up  trill  follow  the  normal  course  of  operation  in  conventional 
equipment*  Here  problems  of  obtaining  monomers  of  the  required  purity  will 
increase  with,  the  quantity  produced.  Another  problem  will  be  the  development 
of  processes  suitable  for  performance  in  hardware  involving  a minimum  of 
transfers.  These  problems  will  be  approached  in  larger  pilot  plant  runs. 

2.  The  preparation  of  nitropolymers,  however,  will  require 
greater  attention  and  study  on  a laboratory  scale  before  any  scale-up  can 
be  made.  Some  time  ago  a Reken  dispersion  blade  mixer  was  installed,  and 
this  piece  of  equipment  allows  the  polymerisation  mixtures  to  be  studied 
under  conditions  comparable  to  those  encountered  during  actual  manufacture,* 
Experience  gained  in  the  Beken  mixer  operations  will  provide  necessary  data 
for  the  scale-up  Into  large  plant-size  equipment . 

B.  POLYURETHANES 

1.  Discussion 


a.  The  manufacture  of  nitropolyur ethanes  deals  with 
several  problems  which  are  not  encountered  or  are  of  small  importance  in 
laboratory  size  experiments* 

(1)  Dissipation  of  heat  of  reaction  — This  is 
of  great  importance,  because  the  formation  of  the  urethane  linkage  liberates 
$2  kcal  per  mole 


(2) 


homogeneous  or  heterogeneous 


Polymer  concentration  in  the  mixture  in  a 
medium 


(3)  The  time  required  to  bring  a batch  to  the 

desired  molecular  weight 


(U)  The  reproducibility  and  uniformity  of  the 

products  obtained 

(3)  The  exclusion  of  side  reactions  caused  by  the 
extreme  reactivity  of  the  monomers  with  chemicals  such  as  water 
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(6)  The  method  of  isolation  of  the  polymer 


various  conditions 


(7)  The  cost  and  cconocy  of  manufacture  wilder 

4,  -v  . ... 


During  the  past  two  months  several  polyurethane  runs  have  been  conducted., 
and  some  of  the  problems  were  studied.  In  every  instance  laboratory  pilot 
runs  of  the  monomers  were  carried  out  prior  to  runs  on  the  large  batch  in 
order  to  check  monomer  equivalence.  The  larger  master  batch  was  then 
started  with  adjusted  monomer  equivalence.  The  monomers  were  mixed  in 
the  conventional  way,  and  catalyst  was  present  from  the  start. 


b.  When  the  polymerization  was  conducted  in  a homo- 
geneous single  phase,  using  dioxan  as  a solvent,  the  production  time  could 
be  held  to  a minimum,  and  a batch  was  completed  within  a day's  time  and 
in  most  cases  in  less  than  five  hours.  The  work-up  of  the  polymers  has 
been  accomplished  by  three  methods:  (1)  precipitating  a dioxan-acetone 

solution  of  the  polymer  into  water,  using  the  Morehouse  mill,  (2)  driving 
off  reaction  solvent  using  a roller  mill,  and  (3)  grinding  the  polymer  in 
an  inert  reaction  solvent  and  filtering  off  solvent.  The  first  of  these 
is  more  time-consuming  and  entails  a drying  operation  which  is  eliminated 
by  the  second  method.  However,  using  the  Morehouse  mill,  a pure  fibrous 
product  is  obtained  which  can  be  readily  used  for  formulation  studies. 

By  use  of  the  roller  mill  it  is  very  difficult  to  remove  all  of  the 
solvent.  In  the  case  of  formulation  studies  using  a solvent-plasticizer 
system  this  method  would  be  of  advantage.  The  third  method  still  requires 
study,  but  it  involves  preliminary  polymerisation  in  a homogeneous  solvent 
followed  by  precipitation  in  the  mixer  with  an  inert  non-solvent  such 
as  a hydrocarbon. 


c . The  use  of  benzene  as  a polymerization  medium  has 
been  investigated.  If  the  polymerization  cam  be  controlled  it  would  be 
by  far  the  most  favorable  procedure.  It  has  been  found  that  the  polymer 
produced  was  a dense,  granular  product  which  could  be  filtered  directly 
from  the  reaction  mixture.  However,  several  batches  failed  because  of 
mechanic*!.!  difficulties,  giving  a product  which  had  unfavorable  physical 
characteristics.  It  was  believed  that  by  using  benzene  as  a solvent  the 
heat  of  reaction  and/or  the  heat  of  mixing  could  easily  be  kept  below 
the  boiling  point  of  benzene.  However,  in  two  cases  the  boiling  of  the 
benzene  caused  swelling  of  the  polymer  and  extrusion  through  the  port  of 
the  mixer.  One  case  resulted  in  a small  flash  fire  which  destroyed  the 
batch. 


cl.  Reproducibility  and  uniformity  are  being  checked 
with  physical  measurements  and  stability  tests  of  the  final  product. 
However,  in  order  to  obtain  a high-molecular-weight,  reproducible  product 
a method  must  be  developed  to  follow  the  course  of  the  polymerization. 
Various  methods  have  been  tried  but  were  either  unsuccessful  or  not 
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applicable  to  the  Aerojet  process.  The  most  feasible  method  tried  seems 
to  be  a solution  viscosity  taken  with  a dilute  sample  lifted  daring  the 
polynsrisation,  This  should  be  a fast  and  inexpensive  method,  but  in  one 
attempt  the  results  were  not  reproducible.  Further  work  will  be  done  to 
develop  this  method.  In  the  experimental  section  a representative  nitro- 
polyurethane  run  in  the  Beken  mixer  ie  discussed.  Table  XII  summarizes 
the  batches,  showing  the  differences  in  operating  conditions  and  work-up 
procedures • 


2.  Experimental 

a.  Polyurethane  XIII-J  Obtained  from  3-Nitraza-l,5- 
pentane  Diisocyanate  and  2-Nitro-2-methyl-l,  3-propanediol  and  0 3%  tris- 
Hydroxymethyl  Nitromethane  in  the  Beken  Ulxer 

(1)  Experimental  (RDH-23) 

A solution  of  1*90.155  g 3-nitraza-l,5-pentane 
diisocyanate  (assay  97*39%)  in  619  nil  of  absolute  dioxan  was  slowly  added 
to  a slurry  of  326.770  g 2 -nitro-2 -methyl— 1,3-propanediol,  1,2013  g tris- 
hydroxymethyl  nitromethane,  and  0.3362  g ferric  acetylacetonate  in  200  ml 
of  absolute  dioxan.  The  temperature  of  the  reaction  mixture  during  the 
diisocyanate  addition  was  held  between  35  and  50°C  by  means  of  the  heat 
exchange  system  and  adjustment  of  the  rate  of  addition.  The  addition  time 
was  3 hr.  The  ultimate  monomer  concentration  was  50  wt$  with  a calculated 
excess  of  ljil£  dlol.  The  reaction  mixture  was  then  kept  at  50°C  by  means 
of  the  heat  exchange  system.  After  3 hr  of  mixing, a sample  was  withdrawn 
and  found  to  be  very  viscous  and  on  the  verge  of  insolubility.  The  very 
viscous  polymer  was  next  removed  from  the  mixer  and  worked  on  a heated 
roller  mill  for  2.5  hr.  A sheet  of  very  tough  but  pliable  polymer  was 
obtained  which  had  a solvent  concentration  of  50  irt% . 

b.  A summary  of  polyurethane  runs  in  Beken  mixer  is 
compiled  in  Table  XII. 
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3.  Conclusions  v ' 

Pclyurethaiie 8 .produced  in -the  Beken  mixer  at  5>0°C  using 
dioxan  as  a solvent  have  been  produced  successfully  in  monomer  concentrations 
of  up  to  70  ift%.  However,  when  the  monomer  concentration  was  increased 
to  80  wt£  an  insoluble  gel  was  obtained,  probably  because  of  the  inability 
to  dissipate  the  heat  of  reaction  and  keep  the  temperature  under  control. 

When  benzene  was  used  as  a combination'  solvent  and  heat-exchange  medium, 
the  runs  were  unsuccessful,  but  a modification  of  the  procedure  might  give 
favorable  results.  The  high  density  of  the  polymer  appears  to  be  very 
attractive.  Stability  tests  on  all  runs  were  consistent.  This  indicates 
that  the  runs  are  reproducible . 

V,  TECHNICAL  PROGRESS*  PHYSICAL  STUDIES 

A.  INTRODUCTION 

The  osmometric  molecular-weight  determinations  on  polyurethanes 
have  been  studied  in  the  past,  and  the  relationship  between  intrinsic  viscosity 
and  number  average  molecular  weight  has  been  established.  During  the  past 
quarter  a similar  osmometric  molecular-weight  study  of  poly-2 , 2-dinitrobutyl 
acrylate  has  been  made. 

B.  OSMOMETRIC  MOLECULAR  WEIGHT  OF  POLY  2,2-DINITROFROFYL  ACRYLATE 

1,  The  preparation  of  a series  of  poly-2, 2-dinit  robutyl  acrylate 
samples  under  various  conditions  of  polymerization  temperature  and  initiator 
concentration  was  described  previously.  Molecular-weight  determinations 

have  been  made  on  the  preparations,  the  results  of  which  are  shown  in  Table 
XIII.  The  errors,  listed  in  the  sixth  column,  were  determined  from  the 
mean  square  deviations  of  the  tt/c  vs  c plots,  assuming  all  the  error  to 
be  in  the  determination  of  rr/c, 

2.  A plot  of  log  molecular  weight  vs  log  intrinsic  viscosity 

is  shown  in  Figure  3 • The  errors  shown  in  Table  XIII  are  indicated  approxi- 
mately by  the  diameter  of  the  circles  in  Figure  3.  The  plot  shows  that  the 
preparation  of  highest  molecular  weight  (DNBA  57)  deviates  radically  from 
the  line  formed  by  the  other  five.  Two  solutions  for  the  best  linear  plot 
by  the  method  of  least  squares  are  shown,  one  including  all  six  points,  the 
other  omitting  preparation  DNBA  57.  A calculation  for  the  constants  in  the 
Staudinger  equation  KV*a)  gives  the  following* 

K a 

Six-point  solution  1.22  x 10”3  0.505 

Five -point  solution  1.92  x 10”^  0.81*0 
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TABLB  XIII  . .. 

MOLECULAR  WEIGHTS,  PCLT-2,2-DINITROBUm  ACRYLATE 

• » • • • i . . 

Intrinsic 


Preparation 

Initiator, 

mole/liter 

Polymerization 
Temperature , °C 

Viscosity, 

M 

M 

n 

Error 

DNllA  57 

0.01 

Uo 

1.160 

1,070,000 

+50,000 

4*5,000 

DNBA  5U 

0.1 

l./s 

4V 

1*073 

1*69,000 

+20,000 

-18,000 

DNBA  56 

0.01 

50 

0.866 

339,000 

+71*00 

-(jxru 

DNBA  53 

0.1 

5o 

0.721 

239,000 

+7100 

-6700 

DNBA  55 

0.01 

6o 

0.5/U 

230,000 

+6700 

-6300 

DNBA  52 

0.1 

60 

0.h39 

163,000 

88 
r-t  o 

-?? 

An  inspection  of  a compilation  of  Staudinger  equation  constants  for  various 
polymer-solvent  systems** shows  that  the  valuee  obtained  in  the  six-point 
solution  are  near  the  extreme  limits  of  the  range  of  values  in  the  compi- 
lation. The  five-point  solution,  on  the  other  hand,  gives  mormal  values  for 
the  constants.  It  is  especially  noteworthy  that  the  value  of  0.505  from 
the  six-point  solution  is  near  the  theoretical  limit  of  0.500, 

3.  It  is  concluded  that  the  five-point  solution,  with  values 
for  K and  a of  1,92  x 10”5  and  0,81*0  respectively,  probably  gives  a more 
nearly  correct  relationship  between  intrinsic  viscosity  and  molecular  weight 
for  poly-2,2-dinitrobutyl  acrylate,  A reference  curve  on  a log-log  plot 
is  shown  in  Figure  U,  from  which  the  intrinsic  viscosities  and  molecular 
weights  may  be  read  directly.  Determination  of  molecular  weights  greater 
than  500,000  are  very  difficult  with  the  osmometric  method,  because  the 
osmotic  pressures  are  so  lew  that  they  cannot  be  measured  with  good 
precision  at  low  concentrations.  Accordingly,  it  is  concluded  that  the 
value  of  1,070,000  for  DNBA  57  is  erroneous,  and  that  the  good  agreement 
of  the  points  in  the  n/c  vs  c plot  for  this  preparation  was  fortuitous. 


Azo-blt-isobutyronitrile 


ft# 


K,  Mark  and  A.  V.  Tcbolsky,  Physical  Chemistry  of  High  Polymeric  Systems, 
Interscience  Publishers,  New  York,  2nd  Ed,  19S>0,  p*  290. 
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VI.  TECHNICAL  PROGRESS i ORGANIC  SYNTHESIS 
A.  INTRODUCTION 

Diisocyanates  containing  the  nitraad.no  group  are  particularly 
interesting  anong  the  nitromonomers  suitable  for  polyurethane  formation 
because  of  the  readily  available  starting  Materials  and  the  simplicity 
of  introduction  of  the  energy-donating  nitro  groups*  During  the  past 
quarter  several  nitrsmino  di carboxylic  acids  have  been  prepared  and  con- 
verted into  the  corresponding  diisocyanates* 

3.  NITRO  DICARBOIYLIC  ACIDS 

1.  Preparation  of  3»6-Dinitraaa-l«8-octanedlolc  Acid 

a*  Discussion 

3#6-Dinitrasa-l*8-octanediolc  acid*  a new  dicarboxylic 
acid  containing  two  nit-rami  no  groups,  was  prepared  by  the  following  sequence 
of  reactions * 

HNO, 

HgNCHgCHgNHg  ♦ aHOCHgCN > -(C^NHC^CN)  ? » {CHgNHCHgCN^ 

I II 


?°2  ?°2 

XCHgNCHjCNjg  » -tCH2»CH2C02H)2 

III  IV 


N,N*-£thylene  diglycine  or  3 ,6-diasa-l, 8-octane  dinitrile  (I)  has  been  obtained 
previously  by  a Mannich  condensation  of  ethylene  diamine,  hydrogen  cyanide* 
and  formaldehyde  in  aqueous  solution  in  the  presence  of  an  alkallne-«arth 
cyanide.*  In  our  synthesis  of  this  material,  the  condensation  was  effected 
using  the  commercially  available  aqueous  glycolo nitrile  in  the  absence  of 
any  inorganic  catalyst*  The  condensation  product  was  not  isolated  but 
converted  to  the  bis  nitric  salt  (II)  in  aqueous  solution.  All  of  the 
intermediates  in  this  particular  series  were  relatively  more  unstable  to 
heat  (all  melting  with  decomposition)  than  the  corresponding  intermediates 
containing  more  than  one  methylene  group  between  the  nitramino  group  and 
the  functional  group.  However,  the  nitric  acid  salt  appeared  to  be  the 
most  unstable,  since  considerable  decomposition  occurred  during  an  initial 


+Fick  and  Ulrich,  German  Pat.  638,071*  Nov„  9,  1936. 
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reerystallization  of  this  material  from  hot  water.  The  conversion  of  the 
nitric  acid  salt  to  3, 6-^Linitraza-l, 8-octane  dinitrile  (III)  was  effected 
by  a chloride-catalyzed  nitration, and  the  hydrolysis  of  this  nitrile  was 
carried  out  in  concentrated  hydrochloric  acid  to  yield  3 .6-dinitraza-l, 8- 
octansdioic  acid  (IV).  The  dinitrile  and  di carboxylic  acid  were  obtained 
in  71  and  63%  yields,  respectively.  Both  compounds  exhibited  high  melting 
points. 


b.  Experimental  - 

(1)  Preparation  of  the  Bis  Nitric  Acid  Salt  of 
3, 6-Diaza-l, 8-octane  Dinitrile 

To  81.7  g (1.0b  moles)  7 6 3%  aqueous  ethylene 
diamine  was  added  170  g (2.08  moles)  - ?0*  aqueous  glycolonitrils  in  a fine 
stream  while  the  temperature  was  held  below  2S°C  by  use  of  a cooling  bath. 

The  solution  was  allowed  to  stir  at  room  temperature  overnight  and  then 
diluted  with  3 00  ml  water.  To  this  solution  was  added  138  ml  (2.18  moles) 

7G?  nitric  acid  while  the  temperature  was  held  below  20°C.  The  resulting 
slurry  was  chilled  to  5°C  and  filtered*  and  the  product  was  washed  sparingly 
with  ice  water.  The  salt  was  dissolved  in  1500  ml  water  at  bO  to  b5°C  and 
recrystallized  on  chilling.  The  product  was  again  separated  by  filtration, 
washed  successively  with  methanol  and  ether,  and  dried  in  a vacuum  desiccator 
over  potassium  hydroxide  pellets.  The  bis  nitric  acid  salt  of  3,6-diaza- 
1,8-octane  dinitrile  (mp.,  1JUU  to  lb6°C,  dec)  weighed  171  g,  corresponding 
to  a 62J5C  yield. 

(2)  Preparation  of  3, 6-Dinitraza-l, 8-octane 

Dinitrile 

A nitrating  solution  was  prepared  by  the 
successive  addition  of  5.b  ml  (0.065  mole)  31%  hydrochloric  acid  and  11 
ml  (0.26  mole)  anhydrous  nitric  acid  to  326  ml  (3Jb5  moles)  acetic  anhydride 
while  the  temperature  was  held  below  20°C.  To  this  solution  was  added  171 
g (0.6U8  mole)  bis  nitric  acid  salt  of  3, 6-diaza-l, 8-octane  dinitrile  in 
portions  at  30  to  35°C  during  a 30-min  period.  The  mixture  was  stirred 
at  25  to  30°C  for  5.5  hr,  chilled  to  5°0,  and  then  diluted  with  600  ml 
ice  water.  Tha  product  was  collected  by  filtration,  washed  successively 
with  ice  water  and  methanol,  and  dried  in  a vacuum  desiccator  over  potassium 
hydroxide  pellets.  The  105-g  yield  corresponded  to  71.7^  of  the  theoretical. 
The  analytical  sample  of  3, 6-dinitraza-l, 8-octane  dinitrile  decomposed  in 
the  range  from  176  to  195°C  (depending  on  the  rate  of  heating)  following 
recry3talii?ation  from  methyl  ethyl  ketone. 

Anal,  Calc'd  for  %C,  31.58;  *H,  3.53;  .<&,  36.8b 

Found:  %C,  31.63;  %H,  3.67;  %N,  37.23 
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(3)  Preparation  of  3,6-Dinitraza--l,8--octanedioic  Acid 

A mixture  of ,102 .5  g (0-1*5  sole)  3,6-d.initraza- 
1, 8-octane  dinitrile  and  510  ml  37^  hydrochloric  acid  was  gradually  warmed 
on  the  steam-bath.  Agitation  was  necessary  to  prevent  excess  frothing  until 
the  nitrile  dissolved  at  about  75°C,  Heating  was  continued  for  3 hr  at  ?0 
to  95°C.  The  mixture  was  cooled  to  20  to  25°C,  and  the  product  was  collected 
by  filtration,  washed  with  ice  water,  and  dried  in  a vacuum  desiccator  over 
potassium  hydroxide  pellets.  The  3 ,6 -dinitraza-1, 8-octanedioic  acid  weighed 
75  g * corresponding  to  a 62,7%  yield.  The  analytical  sample  melted  at  207 
to  209°C  (dec)  following  re crystallization  from  hot  water. 

Anal.  Calc 'd  for  C^H^OgN^ : *C,  27.07;  *H,  3,? 9}  %N,  21.05 

Founds  %C,  26.85;  %K,  3.00;  *K,  20.10 

2,  Preparation  of  It , 11-0 initraza-1,  lit -tetradecanedioic  Acid 
a.  Discussion 


Utilizing  the  Michael  reaction  of  a diamine  with 
acrylonitrile,  U,ll-diaza-l,lJ!*-tetradecane  dinitrile  (I),  the  first  inter- 
mediate in  the  synthesis  of  Li , 11-dinitraza-l, lU-tetradecanedioic  acid  (IV). 
was  obtained.  This  reaction  and  the  subsequent  steps  in  the  synthesis 
(shown  below)  directly  parallel  the  reactions  involved  in  the  preparation 
of  the  previously  described  U, 7 -dinitraza-l, 8-octanedioic  acid,  U-nitraza- 
1,7-heptansdioic  acid,  and  several  other  dicarboxyllc  acids  containing 
the  nitraaino  group, 

H2N(CH2)6NH2  + 2CH2=:GKCH  ^CH2)3NHCH.CH2CN^2 


HNO3 

{(  CH2  ) 3NHCH2CH2CN)}2 


T 


n 


hi 


IV 


— w • Awvitvaa 


Dinitrile 


(1)  Preparation  of  U,  ll-Diaza-l,li*-tetradecana 


To  665  g (I*  moles)  70%  aqueous  hexamethr/lene 
diamine  was  added  523  ml  (5  moles)  acrylonitrile  in  a fine  stream  with 
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rigorous  stirring,  while  the  tea^jerabure,- held  below  i*0°C  by  means  of 
a cooling  bath.  Cooling  was  no  longer  required  shortly  after  the  addition 
was  complete,  and  the  solution  was  allowed  to  stir  at  room  temperature 
overnight.  The  solution  was  transferred  to, a distilling  flask,  and  the 
water  w&sisacved  by  distillation  in  vacuo  using  an  oil  pump.  The  residue 
Was  heated  to  200  to  210°C  in  this  process , The  nearly  colorless  residue 
of  crude  U,  11-diaza-l,  li*-tetradeoane  dinitrile  weighed  810,5  g,  corresponding 
to  a 91.3%  yield.  The  material  was  converted  to  the  bis  nitric  acid  salt 
without  further  purification, 

(2)  Preparation  of  the  Bis  Nitric  Acid  Salt  of 
l*  , 11-Diaza-l , lii-tetradecane  Dinitrile 

To  a well-stirred  solution  of  111  g (0.5  mole) 
U, 11-diaza-l, lli-tatradecane  dinitrile  in  500  ml  absolute  ethanol,  14*. 5 ml 
( 1 .Oil  molee)  70%  nitric  acid  was  added  dropwise  at  0 to  10°C.  The  salt 
was  collected  bv  filtration,  washed  successively  with  methanol  and  absolute 
ether,  and  dried  in  a vacuum  desiccator  ever  potassium  hydroxide  pellets. 

The  bis  nitric  acid  ealt  of  l*,  11-diaza-l, lii-tetradeeane  dinitrile  weighed 
169.5'  g,  corresponding  to  a 97  JU%  yield. 

(3)  Preparation  of  U,  11-Dinit  raza-l,li*-tetradecane 

Dinitrile 

A .nitrating  solution  was  prepared  by  the 
successive  addition  of  1 ml  (0.013  mole)  37%  hydrochloric  acid  and  3 .3  ml 
(0.08  mole)  anhydrous  nitric  acid  to  67  (0,712  mole)  acetic  anhydride  below 
20°C.  To  this  solution  was  added  69.6  g (0.2  mole)  bis  nitric  acid  salt 
of  U,  11-diaza-l,  lii-tetradecane  dinitrile  in  portions  while  the  temperature 
was  maintained  at  20  to  30°C  by  intermittent  use  .of  a cooling  bath.  The 
addition  of  the  salt  was  completed  in  a 10-min  period.  The  salt  dissolved, 
and  with  oontinued  stirring  a solid  began  to  precipitate  after  approximately 
15  minutes.  The  temperature  tended  to  rise  at  all  times,  and  intermittent 
cooling  was  required  to  maintain  the  mixture  at  20°C.  Since  there  appeared 
to  be  no  further  increase  in  the  quantity  of  precipitated  solid  during 
an  additional  15  min  of  stirring,  the  mixture  was  chilled  to  5°C  and  diluted 
with  150  ml  of  ice  water.  The  nearly  colorless  product  was  collected  by 
filtration,  washed  successively  with  methanol  and  absolute  ether,  and  air- 
dried.  The  U,ll-dinitraza-l,lu-tetradecane  dinitrile  (mp  85  to  87°C)  weighed 
1*2.5  g,  corresponding  to  a 68%  yield.  Purification  by  recrystallization 
from  methanol  raised  the  melting  point  to  89.5  to  90.5°C. 

Anal.  Calc’d  f or ’ C12H20<yJ6 1 %C,  i*6.ll*j  %H,  6.15 ; %N,  26.91 

Founds  %C,  i*5  .92;  %K,  6.27;  %N,  26.69 
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dioic  Acid 


• (U)  Preparation-  of  Uyll-Din±traza-l,lk-tetradecane- 


A mixture  of  268  g (0.66  mole)  U , 11-dinit raza- 
1,  lii-tetradecane  dinitrile  and  2150  ml  3756  hydrochloric  acid  was  wanned  on 
the  steasabath  until  solution  occurred,;  and  then  heated  at  90  to  95°C  for  h& 
hours.  The  solution  was  allowed  to  cool  to  room  temperature  with  the 
crystallization  of  the  product.  The  latter  was  collected  by  filtration, 
washed  with  ice  water,  am  thoroughly  dried.  The  h , ll-dinitra wl-1, lU- 
tetradecanedioic  acid  weighed  2h2 S g,  corresponding  to  an  30.7/C  yield,  and 
melted  at  138.5  to  liiO°C.  The  melting  point  was  not  altered  by  repeated 
recrystallization  from  hot  water. 

Anal.  Calc’d  for  C^H^OgN^*  %C,  Ul.li*;  *H».  6.3 3i  #H,  15.99 
Found*  %C,  U0.97J  *H,  6.13;  %H,  15.7b 


Acid 


3.  Preparation  of  U ,7 , 10, 13-Tetranltraza-l, 16-hexadecanedloic 


a.  Discussion 


A previous  report  described  the  preparation  of  J , 10- 
dinitro-li,7,10»13-tetraza-l,l6-hexadecane  dinitrile  and  the  preparation  of 
the  bis  nitric  acid  salt  of  this  material.*  The  latter  compound  has  now 
been  converted  to  U ,7 , 10, 13 -tetranitraza-1,  l6-hexadecane  dinitrile  by  means 
cf  a chloride-catalyzed  nitration.  As  could  be  expected  for  a high-mole- 
cular-weight, insoluble  salt  of  .this  structure,  the  yield  for  the  conversion 
was  quite  low,  with  the  bulk  of  the  starting  material  being  recovered. 

The  hydrolysis  of  U , 7 » 10, 13-tetranitraza-l,  16-hexadecans  dinitrile  in 
concentrated  hydrochloric  acid  yielded  li,7 ,10, 13-tetranitraza-l,  16-hexa- 
decanedioic  acid.  On- the  basis  of  previous  experience  in  the  b,7,10-triaza- 
1,13-tridecane  series,**  it  appears  that  the  use  of  the  bis  nitric  acid 
salt  of  dimethyl  7»10-dinitro-4i,7 ,10, 13-tetraza-l,l6-hexadecanedioate 
as  starting  material  would  give  a much  higher  percentage  conversion  in 
the  nitration  step. 

b . Experimental 


hexadecane  Dinitrile 


(l)  Preparation  of  U*7#10,13-Tetranitraza-l,l6- 


• A 30.5-'g  (0.065  mole)  quantity  of.  the  bis  nitric 
acid  salt  of  7»10-dinitro4i,7#10,13-tetraza-l,l6-hsxadecane  dinitrile  . 
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nas  added  in  portions  at  3’0  to  35>°C  to  'a  'hitrating  solution  prepared  by  the 
successive  addition  of  1 ml  (0 .0012  teolii ) 3 7^  hydro c hlori c acid  and  3 ml 
(0.0072  mole)  anhydrous  nitric  acid  "to ' 66  ml  ’( 0 .7  mole)  acetic  anhydride, 

The  resulting  slurry  was  stirred  vigorously  aV30  to  35>°C  for  30  nin  and 
then  warmed  at  UO  to  50°C  for  1.5  hri  ■ Following  an  additional  period  of  2 
hr  without  warming,  the  mixture  wis  chilled  to  5 to  10°C,  diluted  with 
100  ml  water,  and  filtered.  The  precipitate  whs  washed  successively  with 
waiter,  methanol,  and  ether,  and  dried  to  yield  28  g solid.  The  latter 
was  treated  with  portions  of  hot  acetone  (500  ml,  total  volume)  to  yield 
20,5  g undissolved  solid,  which  proved  to  be  the  original  bis  nitric  acid 
aalt  of  ?,10-dlnitro-U,7» 10,13-t«traza-l, 16-hexadecane  dinitrile.  The 
U, 7;10~13-tetrsnit rasa-1, 16-hexadtcane  dinitrile  crystallized  from  the 
acetone  solution  on  cooling  and  was  collected  by  filtration.  The  product 
weighed  5 g and  melted  at  138  to  139. 5°C.  A second  crop  of  crystals, 
weighing  1,6  g and  melting  at  135 -5  to  138,5*0*  was  obtained  by  dilution 
of  the  acetone  filtrate  with  diethyl  ether.  A sample  of  the  larger  fraction 
was  recrystallized  from  acetone  to  yield  material  melting  at  138,5  to  139,5°C, 

Anal.  Calc 'd  for  C^Ii^OgN^s  %C,  33.33;  *H,  h.66;  *N,  32.UC 

Foudds  %Gt  35.00  £H,  U.70|  5KN,  33.70 

(2)  Preparation  of  U,7,10,13-Tetranitraza-l,l6- 

hexadecanedioic  Acid 

U,7# 10,13 -Tetranitraza-1, 16-hexadecans  dinitrile 
was  hydrolyzed  using  15  ml  37^  hydrochloric  acid  per  gram  of  dinitrile . On 
warming  the  mixture  on  the  steam  bath,  the  U,7,10,13-tetranitraza-l,l$- 
hexadecane  dinitrile  dissolved  at  about  85°C  followed  by  the  crystallization 
of  an  intermediate,  presumably  the  imido  hydrochloride.  On  continued 
heating,  further  reaction  again  produced  a clear  solution  during  a b5-min 
period  with  the  subsequent  crystallization  of  the  h ,7 , 10, 13-tetranitraza-l, 16- 
hexadecanedioic  acid.  Heating  was  continued  for  2 hr,  the  mixture  was 
chilled  to  room  temperature  and  filtered,  and  the  product  was  washed  with 
water  and  methanol.  Reorystallization  of  the  acid  from  an  aqueous  acstone 
solution  gave  material  melting  at  203.5  to  205.5°C. 

Anal.  Calc  'd  for  *H,  **.72}  23 -82 

Found:  %C,  30.55;  *H,  U.85;  /SN,  23.55 

C . NITRO’ DIISOCYANATES 

1.  Preparation  of  2, 5-Dinitraza-l, 6-nexane  Diisocyanate 
a.  Discussion. 

2, 5-Dinitraza-l, 6-hexane  diisocyanate  was  obtained 
in  the  usual  manner  by  converting  the  acid  chloride  to  the  corresponding 
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diazide  followed  by  rearrangement  of  the 'latter  material.  The  acid  chloride, 
3»6-dinitraza-l,8-octanedioyl  chloride , - . waa..  pr© pare d from  the  corresponding 
acid  by  the  use  of  thionyl  chloride  and  by  the  use  of  phosphorous  pervta- 
chloride.  Thionyl  chloride  was  not  a satisfactory  reagent  for  this  particu- 
lar conversion,  as  the  unreactivity  or  insolubility  of  the  acid  coupled  with 
the  relative  instability  of  the  acid  chloride  sade  the  yield  very  low. 

2 , 5 -Dinitraza-1 , 6-hexane  diisocyanate  appears  to  be  a very  desirable 
diisocyanate  for  use  in  polyurethane  formation  from  the  standpoint  of  high 
energy  availability.  The.  polyurethane  obtained  from  2,5-dinitraza -1,6- 
hexane  diieocyunate  and  2, 2-dinitro-l, 3 -propanediol  has  a calculated 
specific  impulse  of  197*5  lbf  sec/lboi,and  the  corresponding  post-nitrated 
polymer  has  a calculated  specific  impulse  of  236.6  lbf  sec/lbm. 


Chloride 


b . Experimental 

(1)  Preparation  of  3 , £-Dinitraza-l,8-octanedioyl 


(a)  A mixture  of  7^.5  g (0.28  mole)  3,6- 
dinitraza-l,8-octan«dioic  acid  and  300  ml  thionyl  chloride  was  heated  on 
the  steam-bath  at  reflux  temperature  for.  U hr.  The  acid  did  not  completely 
dissolve  during  this  time,  but  as  the  solution  had  darkened  considerably, 
further  heating  did  not  apt>ear  to  be  advantageous.  The  undissolved  acid 
(25  g)  was  removed  by  filtration.  Since  the  product  did  not  separate 

from  the  filtrate  on  chilling,  the  thionyl  chloride  was  removed  by 
distillation  in  vacuc , The  crude  residue  was  dissolved  in  methylene 
chloride,  and  the  product  crystallized  on  chilling.  The  acid  chloride 
was  removed  by  filtration  and  washed  with  absolute  ether.  The  ether 
washings  caused  the  precipitation  of  a considerable  quantity  of  highly 
colored  reddish  oil  from  the  methylene  chloride . The  acid  chloride 
weighed  22  g after  removal  of  solvent  and  melted  at  87.5  to  91.5°C, 

(b)  A mixture  of  2$  g (0.09U  mols)  3,6- 
dinitraza-l,8-octanedioic  acid,  62  g (0.3  mole)  phosphorous  penta- 
chloride,  and  50  ml  phosphorous  oxychloride  was  warmed  on  the  steam-bath. 

The  acid  dissolved  fairly  rapidly,  with  evolution  of  hydrogen  chloride. 

At  the  end  of  a 15-min  period  at  90°C  some  gas  continued  to  be  evolved; 

but  since  the  solution  appeared  to  darken  quite  radidly  at  this  temperature, 
heating  was  discontinued.  The  phosphorous  oxychloride  was  removed  by 
distillation  in  vacuo,  and  the  36-g  residue  was  recrystallized  from 
methylene  chloride . The  product  weighed  13  g after  drying,  A sample 
of  the  product  was  recrystallized  three  times  from  dry,  alcohol-free  chloro- 
form to  give  a colorless  material  melting  at  ,105  to  106.5  C 

Anal.  Calc ’d  for  CgHgO^Cl^  %C,  23.78;  #H,  2.66)  *N,  1&.U9;  %C19  23.UO 

Found:  *C,  2U.31;  *H.  2.85;  %U,  17.9Uj  %D1,  23,23 
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A sample  of  the  acid  chloride  was  converted  to  dimethyl  3 > 6-dlnitrasa« 1, 8- 
octanedioaie  by  warming  briefly  with  methanol.  The  dimethyl  ester  melted 
at  5U  to  S$°C . 


Anal.  Calc’d  for  32.66j  jT,Hf  .U.SOj  *N ; 19 ,0U;  Jt)CP3 , 21.10 

Founds  *C,  32.$lj  *H,  l .6?;  *N,  18.6$  20.83 

(2)  Preparation  of  2 , 5 -D init ra za-1 , 6-hexane 

Diisocyanate 

A solution  of  19.7  g (0.065  mole)  3,6-dinitraza- 
■* . 8-octaneaioyl  chloride  in  300  ml  ethylene  dichloride  was  added  in  a fine 
stream  with  vigorous  stirring  to  a solution  of  13  g (0,2  mole)  sodium  azide 
in  35  ml  water  while  the  temperature  was  held  at  5 to  10°d,  The  3,6-dinitraza- 
1,8-octanedioyl  azide  did  not  dissolve  in  the  ethylene  dl chloride  as  had 
been  expected,  but  crystallized  from  solution.  The  mixture  was  allowed  to 
stir  for  1.5  hr  at  5°C,  and  the  dense  crystals  of  the  azide  were  removed 
by  filtration  end  washed  successively  with  ice  water,  methanol,  and  absolute 
ether.  The  azide  was  dampened  with  ethylene  dichloride,  transferred  to  a 
distilling  flask,  and  suspended  in  300  ml  ethylene  dichloride . A portion 
of  the  solvent  was  removed  by  distillation  in  vacuo  to  insure  complete 
removal  of  moisture,  and  the  azide  was  then  rearranged  on  warming  the 
mixture  on  the  steam-bath  at  atmospheric  pressure.  The  azide  dissolved 
at  U5  to  50°C,  and  decomposition  began  at  60  to  o5°C.  Heating  was  continued 
for  U5  min*  and  the  solvent  was  distilled  in  vacuo  until  crystals  of  the 
diisocyanate  began  to  separate  from  solution.  The  mixture  was  then  chilled, 
and  the  diisocyanate  was  collected  by  filtration,  washed  with  absolute 
ether,  and  dried.  The  diisccyanate  weighed  9«5  g and  melted  at  95  to  98°C. 

Two  recrystallizations  from  ethylene  dichloride  raised  the  melting  point 
to  98  to  10O°G . 

Anal.  Calc’d  for  C^KgO^Ngt  %C,  27.70;  *H,  3.10;  *N,  32.31 

Found*  *C,  27.70;  *H,  3.23:  *N,  31.90 

The  dimethyl  urethane*  dimethyl  U ,7-dinitro-‘2,ii,?,9-tetraza-*l,10-decanedioate, 
was  prepared  by  treatment  of  the  diisocyanate  with  methanol.  This  urethane 
melted  «t  l6>  to  171°C, 

Anal.  Calc 'd  for  CgH^Cu^: 


1’  UUItU  • 


*c,  29.63;  *H,  U.97 
$0;  29-61:  £H.  U.83 
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2.  Preparation  of  3 ,10-Dlnltraza-l>12-dodecane  Diiaocyanate 

a.  Discussion 

3#10-Dinitraza-l,12-dodecane  dii«ooyanate  was  pre- 
pared for  the  purpose  of  comparing  the  physical  properties  of  the  poly- 
urethanes and  post-nitrated  polyuretlianee  from  this  long-chain  diisocyanate 
with  polymers  previously  prepared  from  the  diisocyanates  of  similar  structure 
but  shorter  chain-length.  The  diisocyanate  was  obtained  by  rearrangement 
of  U , 11-dinitraza-l, lU-tetradecanedioyl  aside  in  ethylene  dichloride.  The 
aside  was  obtained  by  the  action  of  sodium  azide  on  the  corresponding  acid 
chloride.  The  latter  was  prepared  from  U,ll-dinHrasa-l,lii-tetradec*nedioic 
acid  by  ths  use  of  thionyl  chloride. 

b . Experimental 

(1)  Preparation  of  li , 11-Dinit'raza-l,  lU-tetra- 

canedioyl  Chloride 


A mixture  of  32  g (0.09lii  mole)  U,  11- 

dinitraza-l,  lli-tetradecanedioic  acid  and  128  ml  thionyl  chloride  was  warmed 
on  the  steam-bath.  The  acid  reacted  quite  readily,  with  complete  solution 
in  a short  period.  Heating  was  continued  for  a total  heating  period  of 
1 hr.  The  thionyl  chloride  was  distilled  in  vacuo,  and  the  residue  was 
triturated  with  absolute  ether,  filtered,  and  dried.  The  U,ll-dinitraza- 
l,lii-tetradecanedioyl  chloride  (rnp  67  to  70°C)  weighed  31.5  g»  corresponding 
to  an  89$  yield.  Recrystallisation  from  ethylene  dichloride  and  ether 
mixtures  yielded  a purified  sample  melting  at  66.5  to  68.J>°C. 

Anal.  Calc'd  for  C^H^O^C]^  1 %C,  37.22}  $H,  5.?lj  *N,  V*Ji7i  18J1 

Founds  SC,  37.33s  *H,  5.30}  *H.  ikMi  *C1,  17.63 

The  acid  chloride  was  converted  to  dimethyl  h, 11-dinitraza-l, lii-tetra- 
decanedioate  by  treatment  with  methanol  in  a fairly  concentrated  solution. 
Two  recrystallizations  from  absolute  ether  yielded  product  melting  at  47 
to  U7.5°C. 

Anal.  Calc'd  for  C}J^26^8NU!  ?K,  6.93}  £N,  lU .81;  JCOCH^ , 16.40 

Found:  %C,  U3 .76:  #H,  6.59}  JtN,  lU  JSO5  JfoCI^,  16.15 

(?)  Preparation  of  3,10-Dinitraza-l,12-dodecane 

Diisocyanate 


A solution  of  27  g (0.07  mole)  U , 11-dinitraza- 
1, ib-tetradecanedioyl  chloride  in  150  ml  dry  ethylene  dichloride  was  added 
in  a fine  stream  to  a vigorously  stirred  solution  of  13 ,7  g (0.21  mole) 
sodium  azide  in  35  ml  water  at  5°C  during  a 15-fflin  period.  The  mixture 
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was  immersed  in  an  ice  bath,  and  stirring  -was  continued  for  ?5  minutes,  It 
had  been  expected  that  the  diaside  would  be  aolusle  in  ethylene  dichloride, 
but  the  product  crystallized  from  solution*  The  material  was  removed  by 
filtration,  washed  successively  with  ice  water,  methanol,  and  absolute 
ether,  and  transferred  to  a flask  for  rearrangement.  Cn  the  addition  of 
2$0  ml  dry  ethylene  dichloride  tc  the  21  g diazide  (very  slightly  damp  with 
ether),  the  material  dissolved,  indicating  that  the  diazide  is  somewhat 
soluble  in  this  solvent  and  that  a portion  of.  the  product  had  been  discarded 
with  the  original  ethylene  dichloride  solution.  The  solution  was  distilled 
briefly  in  vacuo  (100  ml  distillate),  and  the  azide  was  then  rearranged  on 
warming  the  solution  on  the  steam-bath  at  atmospheric  pressure . With  the 
evolution  of  nitrogen  complete,  the  solvent  was  distilled  in  vacuo.  The 
solid  residue  was  triturated  with  absolute  ether,  filtered,  and  dried  to 
yield  15.7  g crude  3 > 10-dinitraza-l , 12-dodecane  diisocyanate.  Rscrystsl- 
li eat ion  from  an  ethylene  dichloride-ether  solution  gave  a nearly  colorless 
product  melting  at  75  to  76°C. 

Anal.  Calc'd  for  C12H2()06N6i  %C , Ul.65;  %H , 5 .85 j *H,  2i*Jil 

Found:  *C,  Ul.5U;  *H,  5.59;  *N,  2U.86 

The  dimethyl  urethane  was  formed  by  treatment  of  the  diisocyanate  with 
methanol.  This  highly  insoluble  product  was  re crystallized  from  a very 
dilute  methanol  solution  to  give  colorless  crystals  melting  at  16U.5  to 
166  ^C. 

Anal.  Calc’d  for  C^gO^*  *C,  Ul.17;  *H,  6.91;  *11,  20,58;  *00^,  15.20 

Found:  *C,  U0.8U;  *H,  6.6U;  *M,  21.02;  jfoCRj,  Hi. 99 

D.  INTERMEDIATES 

1 . Attempted  Preparation  of  Me thy lend! g lyc Ine 
a.  Discussion 


The  following  series  of  reactions  indicates  the 
proposed  method  of  obtaining  the  very  desirable  diisocyanate,  2 , U -dinit raza- 
1, 5-pentane  diisocyanate,  from  me  t hy lenediglyc ine  (3,5-diaza-l,7-heptanedioic 
acid) , 


HO. 


r.w  ftrer.w  co.H'l. — ^CH„(NCH^C0„H), 

"2'  ’2  i ' 2 2 e.  t.  i 

I II 


T>2 

►CH^NCHoCCCl), 


III 


N°2 

►CHo(fICHoC0N,)o > 

^ fc. 

IV 


f2 

ch2(nch2nco)2 

V 


CONFIDENTIAL 


Page  U9 


VI  Technical  Progress,.  D (cont,) 


Report  Ho.  833 


CONFIDENTIAL 


Unfartunatc!yc  the  literature  contains  hut  a b ingle  reference  to  the  prepa- 
ration of  methylenedi glycine , and  It  has  net  been  possible  to  repeat  this 
synthesis  successfully.  The  reported  preparation  involved  the  le^nnich 
condensation  of  formaldehyde  with  two, moles  of  glycine  in  hydrochloric  acid 
solution  to  yield  the  bla  hydrochloride  of  EsthylftncdiglyeJne,  On  repeating 
this  synthesis*  an  apparent  mixture  was  obtained  which  failed  to  yield  a 
water-insoluble  product  on  nitration.  When  the  condensation  was  attempted 
in  the  presence  of  nitric  acid*  the  sole  product  was  the  nitric  acid  salt 
of  glycine.  An  attempt  was  also  made  to  effect  the  condensation  ox  metliyl 
glycine  (methyl  aminoacatate)  and  formaldehyde. 

2NaOH 

CH20  ♦ 2 C1H  • HgMCHgCOgCiw » CH^NHCHgCOgCH^  ♦ 2 NaCl  + 3HgO 


A viscous,  water-soluble  oil  was  obtained  from  this  condensation,  and 
nitration  yielded  a viscous,  water-insoluble  oil.  Neither  of  these 
products  has  been  identified. 


*N.  iXb,  Biochem . Z.  gl,  122  (1913). 
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MANUFACTURE  OF  NITROFOLTMERS 


Figure  1 shows  a nitropol^mer  sheet  after  rsscral  of  the  solvent. 
Figure  2 shows  nixing  or  plasticiaed  nitropolyaer  with  inorganic- 
oxidiser  on  the  roller  sill*  and  Figure  3 shows  the  extrusion  of 
plastieissd  nitropoljaer-inorganie  oxidiser  formulation , 


Appendix  A 


■— J^-~  . ' ' ’ 

• ’•  • 

1# 

■ .^r~  -tv 

i ' • ’ 

i 

l$fp 

n'  - pB!i 

L “•  ’ j 

R -<tw" 

Page  1 


CONFIDENTIAL 


Report  No,  833 
FPIA/M3 


Pets  Quest!  on 

COMPOUNDS  FOR  USE  AS  INGREDIENTS  OF  PROPELLANTS  AND  OTHER  EXPLOSIVES 


Listed  below  era  the  characteristics  which  are  believed  to  be  of  iaportana*  in  the  study  of  a ooBjrand 
eiiijh  possibly  be  used  as  a constituent  of  solid  propellants  or  other  explosives.  It  is  not  ezpis.ed 
that  all  this  information  will  be  available  for  every  compound.  For  excsple,  with  a ooapouad  showing  poor 
stability,  it  is  probably  not  advisable  to  investigate  that  ooapound  farther.  After  placing  snob  inzc i ■ at 
ae  ie  available  for  a Ooapound  which  you  have  prepared  or  tested  on  one  of  theeo  fonts,  send  it  to  SOLIS 
PDCFSLLA1T  I VFOHHATIOI  ACxHCT,  API/  JHu,  0621  Georgia  A venae , Silver  Soring,  Maryland.  Ae  additional  iafor- 
aation  on  the  saas  or  new  coc pounds  acoruss.  forward  it  on  a siailar  fora  at  r.  latex  date,  fie  inforaatlon 
subsidies  os  those  fsrse  will  be  rewritten  and  published  by  SPIA  in  l£cie-3>*£  w*»ual  fora.  These  farms 
aay  also  bs  usttd  as  work  cr  data  ahsats  for  your  experimental  studies.  Extra  eo*>*.»8  are  available  upon 
request  froa  3PIA.  Suggestions  for  lamrovsasnt  of  these  ferae  are  invited.  If  i»9uffioien*  space  has  best* 
provided  for  aay  ltea.  attaoh  eeparate  ehoete. 


COMPOUND: 

Name  Z-NltraMt-lsU-butane  dlisocyanats 
Empirical  formula  


Structure:  { eonf  igurstl  on) 

N0„ 


OCN-CHg-N^JHg-CH^-Huu 

2 

ClOCCHgNCHgCK^COCl 


Preparation  reaction(s): 


Information  submitted  by. 

Activity  Aerojet  General  Corporation 

Person  n^Varm^»T>(  rt.  Baiya  tt*_ 


HO, 
t 2 

2N«N3— > 2N«C1  ♦ H OCCHgHCH-CHjGOH- 


T 


1.  QuantlUtlve  analysls()l  by  *eight)N3OCCH2"  CHgCHgCONj ►GCHCHgN  w„2 

Carbon  Hydrogen  Oxygen  Nitrogen 

Calculated  from  formula 
By  determination 


CH„GH2HCC  2Nj 


3? -2* 


32.20 


1 .9< 


. 3-06 


30.10  _ 

JO.Qfi 


(fester!  slower!  ires  idueT  etc.) 


3.  Stability  and  Sensitivity  not  eny  graphs  or 

separate  sheet 


Name  of  test 

a.  Impact  Sensitivity 

b.  Thermal  Stability 

c.  Vacuum  Stability 

d.  Temperature  of  Explosion 

e.  Temperature  of  Ignition 

f*  Thermal  stability.  6g.g°C 
£’  Impact  Stability 


Recommended  method 
06 RD  3185 
06RD  3401  p.B 
C8RD  3401  p.10 
06 RD  3401  p.6 
06RD  3401  p.6 


Discuss  methods  used  when  they  very 
frea  references.  Give  temperature  used. 
(Use  seperate  sheet  If  races  eery. ) 


13hJ>°C|.  nathyl  » -paper, 


Plcatlnoy  Arsenal. aample,  gUstarch  paper, 
Ruraau  of  Mines  BuUU  -Ho.  3^6,  2-kg,  wt„  ■ ahota , 

jffiayjkis.PF  above  TE?rg 


Reference  compound_ 


{dssignsti^=-T)tr,  Totryl,  N.C.,  etc.) 

Hi trncallnlosa f 30  min.  color.. 

c. , 

H 


New  Compound  test  results 


-Oclnrwd.  Earned- off,  l6~anla- 


*.  a 

s 

h. 


HltraceJlaloes,  lfljliu  no  epic 

. HDI,  2o  cat  coMpoeltion  A.  >100 


cm. 


> IOC  ol 


off,  ,3  l/2-hr. 


4.  Heat  of  formation:  (aH)  + -25 

(indicate  sign) 


calories  at  261C.,  1 atm.  pressure 
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5;  Experiment  By  Calculation 


5. 

6. 


7. 


Ener 

(et 


gy  of  explosion  (Q) 
55<*\  il20  liquid) 


Heat  ol  combustion  (Hc)  H67 
(el  25°r..  h2o  liquid) 

Specific  impulse  (Isp)  calc:  


. ca!/gm 

3il9U 

lb-sec/lb 


Oorts' 

■tut 


Method 

>tOS  •*  *»f ereaee  . 

If  ueiisAf;. 


Aerojet  Report  kill* 


8. 


Physical  form  of  compound  (vIscctm  linuld,  cryetelline  type,  etc.) 

ov  «Mt,«  anlld  bel or  aaitlng  point. 


9.  Simple  microscope  analysis  data: 

(cryetal  etudlee) 

10.  DcnsityiKaero  method)  1.4 02  gm/cm-1.  (Micro  or  othar  method)  gm/cm3. 

(Rmlatn  on  eeperete  sheet  any  unique  »"■!  «s*.) 

11.  Index  o!  refraction:  (n §5<,c*  ) 1 t<f>27  1 s Color  Pol  orlmna  13.  Odor  Noma 


14.  cH  at  25*C.  (Method  rafaranee  CBKD  3401  o.4,  or  OSRD  5968.  Indicate  method  uaed,  l.w, 

solvent  and  concentrations  uaad,  pH  indicator  oaoar  or  Beckran  pS  meter.) 


15.  Hygroscopicity: 

Visible  change  on  exposure 


to  ambient  air.  _______ 

% wt  Increase  by*  (a)  Or  (b) 

(Strike  out  method  (a)  or  (b)  1 f not  uaad. ) 

•Method: 


New  Compound 

Hydrolyses,  forme  polyurea. 


Reference 

Compound 


( deeignation  ) 


(if  ether  than  belom  methods  are  uaad, 
explain  on  aepei’ete  ahaet.) 


(a)  The  aaapla  (approx.  5-10  p.  of  whole  grain  amall  powder  or  1 proln  of  large  txwder)  la  placed  in  a 
glaaa  weighing  bottle.  The  weighing  bottle  (cower  removed)  la  placed  in  a vacuum  drying  oven  for  5 hre. 
e 55*1.  Remove  weighing  bottle  from  oven,  cover  with  glass  stopner,  cool  in  s desiccator  end  walgh 
accurately.  Thia  la  taken  as  original  dry  weight  of  sanple.  Then  place  weighing  bottle  (cover  removed) 
in  a humidor  (a  10-ln.  deaiceatar  la  s.  aatiafactory  veaael)  containing  1 liter  of  18.6i.5f  H^,. 

(Thia  gives  relative  hualdlty  90i.25<).  Place  in  an  oven  maintained  at  30-2°C.  On  the  fourth  day 
remora  ealghing  bottle  from  the  humidor,  cover  with  glaaa  stopoer,  cool  in  a dsaiccator  and  walgh. 

Than  return  to  huaidcr  for  24  hc«'r» , cool  and  reweigh.  Continue  daily  weighings  until  constant  weight 
Indies taa  aampla  haa  reached  equilibrium  with  904  R.H.  The  % weight  increase  is  than  reported  as 
hygroecoplclty  of  the  oanpla. 


(b)  An  sit  onsets  method  lc  in  0S£D  3401  p.3. 


18.  Volatility: Kepca-t  as  rate  of  loss  in  et  % unit  area  (for  liquid  sample,  aeeaure  the  surface  ai.-ea;  for 
solids;  th»  sample  should  bs  screened  between  100-120  meafa  U.S.  Standard  ccrtifleC  •!»»•)  y..  ^ hra., 
after  cone  tent  rata  of-loma  la  obtained  during  three  consecutive  4- hr.  periods  at  (a)  25%  in  a vassal 
through  which  a stream  of  dry  air  la  forced,  (b)  in  an  oven  at  65.5°0  or  (c)  under  other  test  method  cr 

conditions.  


(Description  or  refaranca  to  other 
Volatility  results  on:  New  Compound 


a. 

b. 


c. 


taat  or  conditions  uaed.  Use  separata  sheet  if  necessary.) 

Reference  Compound 

(designation) 


a. 

b. 

c. 


17.  Bolling  point,  or  decomposition  temperature;  °C. 

(underline  which  temperature  is  re pot ted)  " 

18.  Hdat  of  Vaporisation: g-cal./gm ETV/’h. 

18.  Heat  of  Fusion: g-cal./gm BTU/lb. 

20.  Melting  point  1 to  2 *C. 
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II.  Freezing  point  vs.  Time  Curve:  (Fleiae  *»rk  ...»  eoortflnr <■  ir  with  soele  values  that  apply  to  the  coerr: 

under  study.) 


Hydrolyzes,  polyaerises  at  aelting  point 


TIME 


22.  Solubility  of  new  compound: 


g/100  ml  H20  at  25°C. 


< 1 
< 1 


g/ioo  ml  n-heptane 

(nsue  aster ial  used  as  solvent) 

g/ioo  ml  carbon  tetrachloride 


1 ai_ 

T:. 

at 

35 

*c. 

at 

25 

X. 

at 

25 

°c. 

10  .8  gAOO  *1  ether  *t  25  °C. 

Miscible  with  chloroforn,  nethylone,  chloride,  dioxane,  ethyl  acetate,  benzene,  ana 
toluene.  Boacts  with  water  and  alcohols.  Can  be  recryata lilted  from  absolute  ether. 


23.  Infrared  spectrant 


WAVE  NUMKJtS  IN  CM'  WAVE  NUMKRS  IN  CM-' 

4000  1000  2S00  2000  IS00  1400  1300  1200  M00  1000  900  rnM 


Mf  I 

0 — * — — 


\ — T ~r4" 


L Ai  T-  - 


— rr  — r ~ — 

V ' ' t | /V  V 

J. 


- ■ 'A.  7 1 

( 

I ! | I • • 


5 * 7 S 9 10 

WAVE  LENGTH  tff  MICRONS 


- -A,  • 

T— 

v • \>» 

■ : 

r ; * 

■ • r 

■ ■ 

12  13  li 

WAVt  LENGTH  IN  MICRONS 


2-Nitr»sa-l,j»-uutcr.s  aiisoeyanate  - Assay  No.  1*5U,  NaCl  cell,  no  spacer.-  12-air 
«can.  2/23 /5k. 


Page  3 
Appendix  B 


-user*  aatBfigM<ttiagife»lii>a«liai 


Pift  4 


CONFIDENTIAL 


Report  No.  833 
APIA/V3 


( 

f 

1 

i 


F 

t 


25. 


nnder  compatabllltv  we  erw  considering  the  ebility  of  two  c am  pound*  to  be  In  l nt  tests  contact  (Note 
03Td)  575 8 p.  ?l-22)  orer  « long  period  of  tine  without  adverse  effects  on  elt'ier  the  ehewlcel  or  phytieel 
properties  of  either  aaterlsl.  These  teete  will  probably  bt  of  vsrled  extent.  They  eight  be  ease  of 
the  following!  (e)  Standard  stability  tests,  (b)  Sleole  observations  of  exudation  or  separation  at 
eebient  or  eeceleretsd  temperature.  (c)  Prepare  thin  aheeti  (,0?5*  thick,  1*  square;  of  the  plasticised 
aaterlsl.  Separate  the  sheets  with  etrloa  of  cigarette  pep»r  or  carbon  paper  end  compress  the  stack  In 
a clasp.  After  aewaral  days  note  the  oily  collection  on  the  oaper.  Please  give  reference  tv  or 
describe  procedure  used.  Item  28  le  to  Indicate  results  when  the  compound  it  In  contact  with  some  meterl* 
el  other  than  ethyl  cellulose,  nitrocellulose  or  rubber.  Test  psrfontdd  by  dissolving  Swfltpld 

and  standard  in  e crjsBon  aolvsnt,  drying  rapidly  on  a glass  plates  and 

5*8^18^5^10^ f,r  cUrttT  hc~8,°.lty. 


Compatibility  with  nitrocellulose:  Ratio. 

'St  . A 9 

- 1 s' . ^ 9 iif  M 1 1 

Computability  with  rubber:  Ratio,  vt 

aanpln/wt  rubbar 

" on  /On 

!•*  'I % »s  e^^KaiSsE^SSfelsi 

ftn/on 

4 WA/3SW*4K1la 

Compatabill*®  with  : 

M.  Polymerising  properties  of  the  new  compound: 

(a)  By  Itself  Can  ba  prmaarvnd  if  leapt  dry  under  rafriy  amtion. 

(b)  In  mixtures  (with  additives)  n^pr»1jr^r»  1 ill  xrtfch  HlnTw  *-■>  Tnrm  pnlyurmthanmH 

(c)  Inhibiting  action  on  polymerisation  of: 

Thiokol 

Methacrylate 

Other  compounds 

30.  Availability 

a.  Amount  now  available?  Rsssarch  eraantitlag. 

b.  When  was  available  material  first  prepared?  

c.  Amount  prepared  at  that  time  ? 

d.  Is  large  production  feasible  ? 

e.  Plant  capacity  In  existance,  lbs  /day? 

f.  Outline  steps  for  a quantity  production  method 


i. 


i 

, 


1 < 

\i 


31.  Additional  Information:  (toxicity,  hesafde,  deterioration,  oxywwp  balance,  detonation  rets,  explosive 

poser,  mbs  of  hyorolywie  by  water,  etc.  Met  reference#,  reports,  date  books,  etc.  that  refer  to  tbs 
compound.} 
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